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(57)  On the light-transmitting substrate, a pixel elec-
trode and a switching element connected with the pixel
electrode are formed, and a mixture film containing a
photosensitive prepolymer and liquid crystal is further
formed thereon. The mixture film is irradiated with the
light having the first wavelength from the other side of
the substrate to cure the photosensitive prepolymer
contained in the mixture film, thereby to form the protec-
tion resin film onto the surface of the mixture film. Then,
the mixture film is irradiated with the light having the
third wavelength from the rear side of the substrate to
cure the photosensitive prepolymer, thereby to form the
substrate-side resin film onto the fixture film on the sub-
strate side. The surface of the mixture film is further irra-

diated with the light having the third wavelength through
the protection resin film to cure the photosensitive pre-
polymer remaining in the mixture film, thereby to form
the first resin film inside the protection resin film. A
counter resin film is composed of the first resin film and
the protection resin film, and dissociated liquid crystal is
arranged between the first resin film and the substrate-
side resin film. As a result, the liquid crystal layer can be
provided without performing the liquid crystal filling
process which would take much time, thereby simplify-
ing the fabrication process and reducing the fabrication
cost.
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Description

TECHNICAL FIELD

[0001] The present invention relates to liquid crystal
display devices of the twisted nematic (hereinafter
referred to as TN) type and the in-plane switching (here-
inafter referred to as IPS) type which are used for televi-
sions, computer displays and other similar devices. The
invention also relates to resin/liquid crystal composites
and liquid crystal devices which are applied to the liquid
crystal display devices, blind glass and liquid crystal
shutters with a light-control feature, and the like. The
invention further relates to methods for fabricating the
liquid crystal display devices, the resin/liquid crystal
composites and the liquid crystal devices.

BACKGROUND OF THE INVENTION

[0002] A conventional TN liquid crystal display
device comprises a liquid crystal panel formed by bond-
ing a pair of glass substrates together with a spacer dis-
posed therebetween to have a certain gap, and filling
liquid crystal (nematic liquid crystal or the like) in the
gap. The device further comprises a pair of polarizers
arranged on both sides of the liquid crystal panel. One
of the pair glass substrates has transparent pixel elec-
trodes and thin film transistors (hereinafter referred to
as TFTs) thereon, and the other substrate has a color
mosaic filter composed of fine filters of red, green and
blue and a transparent common electrode thereon. The
transparent pixel electrodes and the transparent com-
mon electrode each have an alignment film thereon,
which is formed by applying polyvinyl alcohol or a poly-
imide solution on each electrode using a spinner to form
a film, and then by rubbing the film for an alignment
treatment. In this liquid crystal display device, the trans-
mittance of the liquid crystal corresponding to each pixel
is controlled by irradiating backlight from the rear side of
the device and by applying an image signal voltage onto
each transparent pixel electrode through the TFTs so as
to display color images.

[0003] In the conventional IPS liquid crystal display
device, the liquid crystal is filled into the gap formed
between a pair of glass substrates the same as in the
above-mentioned TN crystal display device, although
their electrodes have a different structure.

[0004] These conventional liquid crystal display
devices have a disadvantage of requiring a process of
filling liquid crystal into the gap between the glass sub-
strates. It takes much time to perform this process,
which leads to a high fabrication cost. To be more spe-
cific, in a 10-inch liquid crystal display device, for exam-
ple, it takes about two hours to implant liquid crystal into
a gap of about 5 um in a vacuum, exhibiting an
extremely poor fabrication efficiency.

[0005] Another disadvantage of the conventional
liquid crystal display devices is that the use of the pair
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glass substrates (two glass substrates) makes it difficult
to reduce the weight of the devices. This becomes a
serious problem when the liquid crystal display devices
are applied to portable appliances.

[0006] Further another disadvantage is that the low
transmittance of the color filter decreases the transmit-
tance of the whole device. In the case of a reflective lig-
uid crystal display device using external light, this
undesirable feature makes it hard to distinguish different
colors and dims the display screen.

[0007] In view of these disadvantages, an object of
the present invention is to provide a resin/liquid crystal
composite and a liquid crystal device which do not
require a liquid crystal filling process so as to simplify
the fabrication process and to reduce the fabrication
cost. Another object is to provide a liquid crystal display
device which uses the resin/liquid crystal composite and
the liquid crystal device. Further another object is to
provide methods for fabricating the resin/liquid crystal
composite, the liquid crystal device and the liquid crys-
tal display device. The present invention has further
another object of providing a liquid crystal display
device which is lightweight and compact to be suitable
for portable appliances.

DISCLOSURE OF THE INVENTION

[0008] The present invention consisting of invention
groups has been contrived in view of the above-men-
tioned circumstances with an object of providing a liquid
crystal display device which is lightweight and slim to be
suitable for portable appliances. The invention has
another object of providing a method for fabricating a
liquid crystal display device which does not require a lig-
uid crystal filling process to simplify the fabrication proc-
ess and to reduce the fabrication cost. In this
specification, the invention groups, which are based on
the same or similar concepts but are achieved by differ-
ent embodiments from each other, are divided into first,
second and third invention groups each consisting of
closely related inventions. The three invention groups
will be described in series as follows.

(1) The First Invention Group

[0009] The invention of claim 1 is a liquid crystal
display device comprising: a substrate at least having a
pixel electrode, a switching element connected to the
pixel electrode and an alignment film; a resin film
formed by curing a photosensitive prepolymer con-
tained in a liquid crystal-prepolymer mixture with irradi-
ation of light; and a liquid crystal layer sandwiched
between said substrate and said resin film.

[0010] The liquid crystal sandwiched between the
single substrate and the resin film makes the device
lighter in weight than a liquid crystal display device in
which the liquid crystal is sandwiched between a pair of
substrates. As a result, the obtained device becomes
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suitable for portable appliances.

[0011] The invention of claim 2 is the liquid crystal
display device of claim 1 further comprising a support-
ing member formed between said substrate and said
resin film by selective curing said photosensitive prepol-
ymer with light irradiation.

[0012] The provision of the supporting member
makes the distance between the substrate and the resin
film or the thickness of the liquid crystal layer uniform.
As a result, the obtained device suffers from little display
unevenness.

[0013] The invention of claim 3 is the liquid crystal
display device of claim 1, wherein said resin film con-
tains an acrylate system material.

[0014] This feature provides the liquid crystal dis-
play device with excellent transparency against light in a
visible region and with a bright display.

[0015] The invention of claims 4 and 5 is the liquid
crystal display device of claim 1, wherein said liquid
crystal layer contains nematic liquid crystal, and more
specifically, tolane system nematic liquid crystal.
[0016] The use of this type of liquid crystal realizes
an inexpensive liquid crystal display device which per-
forms stable operations.

[0017] The invention of claims 6 and 7 is the liquid
crystal display device of claim 1 further comprising a
counter electrode formed onto a side of said resin film
that is opposite said liquid crystal layer, wherein said
light irradiated to form said resin film is so polarized that
molecules of said photosensitive prepolymer are
aligned in a direction.

[0018] This feature realizes a lightweight liquid
crystal display device having the TN structure or the
homeotropic structure.

[0019] The invention of claim 8 is the liquid crystal
display device of claim 6 further comprising a color filter
formed onto the side of said resin film that is opposite
said liquid crystal layer.

[0020] The provision of the color filter realizes a
lightweight color liquid crystal display device having the
TN structure or the homeotropic structure.

[0021] The invention of claim 9 is the liquid crystal
display device of claim 8, wherein said counter elec-
trode is made of a transparent conductive film and is
positioned either between said resin film and said color
filter or onto a side of said color filter that is opposite
said resin film.

[0022] This feature realizes a lightweight color liquid
crystal display device of transmission type having the
TN structure or the homeotropic structure.

[0023] The invention of claim 10 is the liquid crystal
display device of claim 8, wherein said counter elec-
trode is made from a light-reflecting material; and said
color filter is positioned between said resin film and said
counter electrode.

[0024] This feature realizes a lightweight color liquid
crystal display device of reflection type having the TN
structure or the homeotropic structure.
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[0025] The invention of claims 11 and 12 is the lig-
uid crystal display device of claims 1 and 2, wherein
said substrate further has a common electrode.

[0026] The provision of the common electrode real-
izes a lightweight IPS liquid crystal display device.
[0027] The invention of claims 13 and 14 is the lig-
uid crystal display device of claim 11, wherein said light
irradiated to form said resin film is so polarized that mol-
ecules of said photosensitive prepolymer are aligned in
a direction.

[0028] This feature makes the resin film have an
alignment function for providing the liquid crystal mole-
cules in the vicinity of the resin film with a predeter-
mined tilt angle to improve the stability of the alignment
conditions of the liquid crystal. As a result, a lightweight
IPS liquid crystal display device having excellent display
characteristics is obtained.

[0029] The invention of claim 15 is the liquid crystal
display device of claim 11 further comprising a color fil-
ter formed onto the side of said resin film that is oppo-
site said liquid crystal layer.

[0030] The provision of the color filter realizes a
lightweight color IPS liquid crystal display device.
[0031] The invention of claim 16 is the liquid crystal
display device of claim 15 further comprising an elec-
trode made of a transparent conductive film, said elec-
trode being formed either between said resin film and
said color filter or onto a side of said color filter that is
opposite said resin film.

[0032] The provision of the electrode realizes an
IPS liquid crystal display device which is excellent in
alignment stability, in addition to being lightweight and
color because the alignment of the liquid crystal mole-
cules is hardly affected by static electricity even if the
resin film is thin.

[0033] The invention of claim 17 is the liquid crystal
display device of claim 15 further comprising an elec-
trode made from a light-reflecting material, said elec-
trode being arranged on a side of said color filter that is
opposite said resin film.

[0034] The provision of the electrode realizes a
lightweight color IPS liquid crystal display device of
reflection type.

[0035] The invention of claim 18 is a method for fab-
ricating a liquid crystal display device comprising: a sub-
strate having a pixel electrode, a switching element
connected to the pixel electrode and an alignment film;
a resin film formed by curing a photosensitive prepoly-
mer contained in a liquid crystal-prepolymer mixture
with irradiation of light having a first wavelength; and a
liquid crystal layer sandwiched between said substrate
and said resin film, said method comprising at least the
steps of: forming the pixel electrode, the switching ele-
ment and the alignment film onto said substrate; form-
ing a mixture film containing said photosensitive
prepolymer and liquid crystal onto said substrate; and
forming said resin film onto a surface of said mixture film
by irradiating said mixture film with said light having a
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first wavelength from an other side of said substrate to
extract and photo-cure said photosensitive prepolymer
contained in said mixture film.

[0036] The resin film is formed by the extraction of
the photosensitive prepolymer contained in the mixture
film, while the liquid crystal layer is made from the liquid
crystal remaining in the mixture film. This eliminates the
need for the time-consuming liquid crystal filling proc-
ess, thereby to simplify the fabrication process and to
reduce the fabrication cost. In addition, the liquid crystal
sandwiched between the single substrate and the resin
film makes the device lighter in weight than a liquid crys-
tal display device in which the liquid crystal is sand-
wiched between a pair of substrates.

[0037] The invention of claim 19 is the method for
fabricating a liquid crystal display device of claim 18,
wherein in said resin film formation step, said resin film
is formed by extracting and photo-curing a predeter-
mined amount of said photosensitive prepolymer con-
tained in said mixture film with light having a first
wavelength, and said method further comprising the
step of, by selectively irradiating a predetermined region
in said mixture film with light having a second wave-
length to cure said photosensitive prepolymer remain-
ing in said mixture film, forming a supporting member in
said predetermined region between said substrate and
said resin film.

[0038] The formation of the supporting member by
the photosensitive prepolymer remaining in the mixture
film simplifies the fabrication process of the liquid crys-
tal display device, and further makes the distance
between the substrate and the resin film or the thick-
ness of the liquid crystal layer uniform.

[0039] The invention of claim 20 is the method for
fabricating a liquid crystal display device of claim 19,
wherein in said supporting member formation step, said
supporting member is formed by extracting a predeter-
mined amount of said photosensitive prepolymer
remaining in said mixture film, and said method further
comprising the step of forming an inner-side resin film
onto said resin film on said substrate side by irradiating
said mixture film with light having a third wavelength
from said resin film side to extract and photo-cure said
photosensitive prepolymer remaining in said mixture
film.

[0040] The inner-side resin film is formed by the
extraction of the photosensitive prepolymer remaining in
the mixture film, while the liquid crystal layer is made
from the liquid crystal remaining in the mixture film,
which facilitates the enhancement of the purity of the lig-
uid crystal in the liquid crystal layer.

[0041] The invention of claim 21 is the method for
fabricating a liquid crystal display device of claim 18,
wherein said photosensitive prepolymer contains an
acrylate system material.

[0042] The presence of the acrylate system mate-
rial facilitates the formation of the resin film by curing the
photosensitive prepolymer when the mixture film is irra-
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diated with the light, and further provides the obtained
liquid crystal display device with excellent transparency
against light in a visible region.

[0043] The invention of claims 22 and 23 is the
method for fabricating a liquid crystal display device of
claim 18, wherein said liquid crystal contains nematic
liquid crystal, and more specifically, tolane system
nematic liquid crystal.

[0044] The use of this type of liquid crystal facili-
tates the dissociation of the photosensitive prepolymer
and the liquid crystal from each other by irradiating the
mixture film with the light, so that the photosensitive pre-
polymer can be extracted to form the resin film. In addi-
tion, it becomes possible to fabricate a liquid crystal
display device performing stable operations with the use
of the fairly available liquid crystal.

[0045] The invention of claims 24 through 32 is the
method for fabricating a liquid crystal display device of
claims 18 through 20, wherein said mixture film further
contains one of a polymerization initiator and a sensi-
tizer for said photosensitive prepolymer, which contains
a benzoyl system material, and more specifically, 2,2-
dimethoxy- 1,2 -diphenylethane -1-one.

[0046] The presence of these materials increases
the efficiency of the curing of the photosensitive prepol-
ymer, so that the hardening rate of the photosensitive
prepolymer can be increased to further simplify the fab-
rication process.

[0047] The invention of claims 33 through 35 is the
method for fabricating a liquid crystal display device of
claims 18 through 20, wherein said resin film formation
step is performed by irradiating said mixture film with
said light having the first wavelength in a reciprocity law
failure condition.

[0048] This feature facilitates the curing of the pho-
tosensitive prepolymer on and around the surface of the
mixture film which absorbs the light most, and also facil-
itates the selective formation of the resin film onto the
surface of the mixture film by extracting the photosensi-
tive prepolymer in the reciprocity law failure condition.
[0049] The invention of claims 36 through 41 is the
method for fabricating a liquid crystal display device of
claims 18 through 20, wherein the first wavelength is
within an absorption band region in absorption curves
of said photosensitive prepolymer, and more specifi-
cally, said photosensitive prepolymer contains a polyes-
ter acrylate system material; and said light having the
first wavelength is far-ultraviolet light, the first wave-
length being 254 nm obtained by excimer laser.

[0050] The irradiated light is almost entirely
absorbed in and around the surface of the mixture film
to cure the photosensitive prepolymer. This further facil-
itates the selective formation of the resin film onto the
surface of the mixture film and the control of the thick-
ness of the resin film with very high precision.

[0051] The invention of claims 42 and 43 is the
method for fabricating a liquid crystal display device of
claims 19 and 20, wherein said resin film formation step
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is performed by irradiating said mixture film with said
light having the first wavelength in a reciprocity law fail-
ure condition; and said supporting member formation
step is performed by irradiating said mixture film with
said light having the second wavelength in a reciprocity
law condition.

[0052] The irradiation of the light having the first
wavelength in the reciprocity law failure condition pro-
motes the extraction and curing of the photosensitive
prepolymer on and around the surface of the mixture
film to facilitate the selective formation of the resin film
onto the surface of the mixture film. The irradiation of
the light having the second wavelength in the reciprocity
law condition makes it easier to cure the photosensitive
prepolymer as far as the vicinity of the substrate in the
mixture film, which facilitates the secure and efficient
formation of the supporting member between the resin
film and the substrate.

[0053] The invention of claims 44 and 45 is the
method for fabricating a liquid crystal display device of
claims 19 and 20, wherein said light having the second
wavelength has smaller absorbance of said photosensi-
tive prepolymer than said light having the first wave-
length.

[0054] The irradiated light having the first wave-
length is almost entirely absorbed on and around the
surface of the mixture film to cure the photosensitive
prepolymer, which facilitates the selective formation of
the resin film onto the surface of the mixture film. The
light having the second wavelength easy to reach the
vicinity of the substrate in the mixture film makes it easy
to form the supporting member between the resin film
and the substrate.

[0055] The invention of claims 46 is the method for
fabricating a liquid crystal display device of claim 20,
wherein said resin film formation step is performed by
irradiating said mixture film with said light having the
first wavelength in a reciprocity law failure condition;
said supporting member formation step is performed by
irradiating said mixture film with said light having the
second wavelength in a reciprocity law condition; and
said inner-side resin film formation step is performed by
irradiating said mixture film with said light having the
third wavelength in the reciprocity law failure condition.

[0056] The irradiation of the light having the first
wavelength or the light having the third wavelength in
the reciprocity law failure condition makes it easy to
extract and cure the photosensitive prepolymer on and
around the surface of the mixture film, which facilitates
the selective formation of the resin film and the inner-
side resin film onto the surface of the mixture film. The
irradiation of the light having the second wavelength in
the reciprocity law condition makes it easy to cure the
photosensitive prepolymer as far as the vicinity of the
substrate in the mixture film, which facilitates the secure
and efficient formation of the supporting member
between the resin film and the substrate.

[0057] The invention of claims 47 is the method for
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fabricating a liquid crystal display device of claim 20,
wherein said light having the third wavelength has
absorbance of said photosensitive prepolymer smaller
than said light having the first wavelength and larger
than said light having the second wavelength.

[0058] The light having the first wavelength, which
hardly passes through the mixture film and is almost
entirely absorbed in and around the surface of the mix-
ture film facilitates the selective formation of the resin
film onto the surface of the mixture film. The light having
the second wavelength which is easy to reach the vicin-
ity of the substrate in the mixture film facilitates the
secure formation of the supporting member between
the resin film and the substrate. The light having the
third wavelength, which passes through the already
formed resin film relatively easily but is likely to be
absorbed in the mixture film in the vicinity of the resin
film on the substrate side, facilitates the formation of the
inner-side resin film onto the resin film on the substrate
side.

[0059] The invention of claims 48 and 49 is the
method for fabricating a liquid crystal display device of
claim 20, wherein said mixture film further contains one
of a polymerization initiator and a sensitizer for said
photosensitive prepolymer; the first wavelength is within
an absorption band region in absorption curves of said
photosensitive prepolymer, said mixture film being irra-
diated with said light having the first wavelength in a rec-
iprocity law failure condition; the second wavelength is
longer than an absorption band peak wavelength in
absorption curves of one of said polymerization initiator
and said sensitizer, said mixture film being irradiated
with said light having the second wavelength in a reci-
procity law condition; and the third wavelength is
between a longest wavelength in the absorption band
region on absorption curves of said photosensitive pre-
polymer and the absorption band peak wavelength on
the absorption curves of one of said polymerization ini-
tiator and said sensitizer, said mixture film being irradi-
ated with said light having the third wavelength in the
reciprocity law failure condition. More specifically, said
photosensitive prepolymer contains a polyester acrylate
system material; said liquid crystal contains tolane sys-
tem nematic liquid crystal; said mixture film further con-
tains 2, 2-dimethoxy- 1,2- diphenylethane -1-one; said
light having the first wavelength is far-ultraviolet light,
the first wavelength being 254 nm; said light having the
second wavelength is ultraviolet light, the second wave-
length being 365 nm; and said light having the third
wavelength is ultraviolet light, the third wavelength
being 313 nm.

[0060] The light having the first wavelength, which
hardly passes through the mixture film and is almost
entirely absorbed in and around the surface of the mix-
ture film, facilitates the selective formation of the resin
film onto the surface of the mixture film by extracting the
photosensitive polymer in the reciprocity law failure con-
dition. The light having the second wavelength, which is
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easy to reach the vicinity of the substrate in the mixture
film, facilitates the secure and efficient formation of the
supporting member between the resin film and the sub-
strate in the reciprocity law condition. The light having
the third wavelength, which passes through the already
formed resin film relatively easily and is easily absorbed
in the mixture film in the vicinity of the resin film on the
substrate side, facilitates the formation of the inner-side
resin film onto the resin film on the substrate side by
extracting the photosensitive polymer in the reciprocity
law failure condition.

[0061] The invention of claim 50 is the method for
fabricating a liquid crystal display device of claim 18 fur-
ther comprising the step of forming a counter electrode
onto a side of said resin film that is opposite said liquid
crystal layer.

[0062] The provision of the counter electrode real-
izes a lightweight liquid crystal display device having the
TN structure or the homeotropic structure.

[0063] The invention of claim 51 is the method for
fabricating a liquid crystal display device of claim 20,
wherein in said inner-side resin film formation step, said
irradiation of said light having the third wavelength is
performed through a polarizer.

[0064] The use of the polarizer realizes a light-
weight liquid crystal display device having the TN struc-
ture.

[0065] The invention of claim 52 is the method for
fabricating a liquid crystal display device of claim 50,
wherein in said counter electrode formation step, said
counter electrode is provided by forming a transparent
conductive film onto said resin film on the other side of
said liquid crystal layer, and said method further com-
prising the step of forming a color filter onto one of said
resin film and said counter electrode either before or
after said counter electrode formation step.

[0066] This feature realizes a lightweight color liquid
crystal display device of transmission type having the
TN structure or the homeotropic structure.

[0067] The invention of claim 53 is the method for
fabricating a liquid crystal display device of claim 50,
wherein in said counter electrode formation step, said
counter electrode is provided by forming a light-reflect-
ing film onto the side of said resin film that is opposite
said liquid crystal layer, and said method further com-
prising the step of forming a color filter onto said resin
film before said counter electrode formation step.
[0068] This feature realizes a lightweight color liquid
crystal display device of reflection type having the TN
structure or the homeotropic structure.

[0069] The invention of claims 54 through 56 is the
method for fabricating a liquid crystal display device of
claims 18 through 20 further comprising the step of
forming a common electrode onto said substrate.
[0070] The provision of the common electrode real-
izes a lightweight IPS liquid crystal display device.
[0071] The invention of claim 57 is the method for
fabricating a liquid crystal display device of claim 56
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wherein in said inner-side resin film formation step, said
irradiation of said light having the third wavelength is
performed through a polarizer.

[0072] This feature makes the resin film have an
alignment function for providing the liquid crystal mole-
cules in the vicinity of the resin film with a predeter-
mined tilt angle to improve the stability of the alignment
conditions of the liquid crystal. As a result, a lightweight
IPS liquid crystal display device having excellent display
characteristics is obtained.

[0073] The invention of claim 58 is the method for
fabricating a liquid crystal display device of claim 54 fur-
ther comprising the step of forming a color filter onto
said resin film.

[0074] The provision of the color filter realizes a
lightweight color IPS liquid crystal display device.
[0075] The invention of claim 59 is the method for
fabricating a liquid crystal display device of claim 58 fur-
ther comprising the step of forming a transparent elec-
trode onto one of said resin film and said color filter
either before or after said color filter formation step.
[0076] The provision of the electrode realizes an
IPS liquid crystal display device which is excellent in
alignment stability, in addition to being lightweight and
color because the alignment of the liquid crystal mole-
cules is hardly affected by static electricity even if the
resin film is thin.

[0077] The invention of claim 60 is the method for
fabricating a liquid crystal display device of claim 58 fur-
ther comprising the step of forming a conductive light-
reflecting film onto said color filter.

[0078] The provision of the light-reflecting film real-
izes a lightweight color IPS liquid crystal display device
of reflection type.

[0079] The invention of claim 61 is a liquid crystal
display device comprising: a substrate having an align-
ment film and one of a pixel signal electrode and a scan
electrode formed thereon; a resin film formed by curing
a photosensitive prepolymer contained in a liquid crys-
tal-prepolymer mixture with irradiation of light, said resin
film having an other one of the pixel signal electrode and
said scan electrode formed thereon; and a liquid crystal
layer sandwiched between said substrate and said resin
film.

[0080] The liquid crystal sandwiched between the
single substrate and the resin film makes the device
lighter in weight than a liquid crystal display device in
which the liquid crystal is sandwiched between a pair of
substrates. As a result, a liquid crystal display device of
simple-matrix type suitable for portable appliances can
be obtained.

[0081] The invention of claim 62 is the liquid crystal
display device of claim 61 further comprising a color fil-
ter arranged either on the other one of the pixel signal
electrode and said scan electrode on said resin film side
or on an other side of said resin film.

[0082] The provision of the color filter realizes a
lightweight color liquid crystal display device of simple-
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matrix type.

[0083] The invention of claim 63 is a liquid crystal
device comprising: a substrate having an alignment film
formed thereon; a resin film formed by curing a photo-
sensitive prepolymer contained in a liquid crystal-pre-
polymer mixture with irradiation of light; and a liquid
crystal layer sandwiched between said substrate and
said resin film.

[0084] The liquid crystal sandwiched between the
single substrate and the resin film makes the device
lighter in weight than a liquid crystal device in which the
liquid crystal is sandwiched between a pair of sub-
strates.

[0085] The invention of claim 64 is the liquid crystal
device of claim 63 further comprising a supporting
member formed between said substrate and said resin
film by curing said photosensitive prepolymer with irra-
diation of light.

[0086] The provision of the supporting member
makes the distance between the substrate and the resin
film or the thickness of the liquid crystal layer uniform.
[0087] The invention of claim 65 is the liquid crystal
device of claim 63 further comprising transparent elec-
trodes formed on said substrate and said resin film.
[0088] The provision of the transparent electrodes
allows a liquid crystal device to control the light transmit-
tance by adjusting the voltage to be applied on the
transparent electrodes.

[0089] The invention of claims 66 through 68 is the
liquid crystal device of claim 63, wherein said light irra-
diated to form said resin film is so polarized that mole-
cules of said photosensitive prepolymer are aligned in a
direction.

[0090] This feature makes the resin film have an
alignment function for providing the liquid crystal mole-
cules in the vicinity of the resin film with a predeter-
mined tilt angle to improve the stability of the alignment
conditions of the liquid crystal.

[0091] The invention of claim 69 is the liquid crystal
device of claim 63, wherein said resin film contains an
acrylate system material.

[0092] The presence of the material provides the
liquid crystal device with excellent transparency against
light in a visible region.

[0093] The invention of claims 70 and 71 is the lig-
uid crystal device of claim 63, wherein said liquid crystal
layer contains nematic liquid crystal, and more specifi-
cally, tolane system nematic liquid crystal.

[0094] The use of this type of liquid crystal realizes
an inexpensive liquid crystal device which performs sta-
ble operations.

[0095] The invention of claims 72 is a method for
fabricating a liquid crystal device comprising: a sub-
strate having an alignment film formed thereon; a resin
film formed by curing a photosensitive prepolymer con-
tained in a liquid crystal-prepolymer mixture with irradi-
ation of light; and a liquid crystal layer sandwiched
between said substrate and said resin film, said method
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comprising at least the steps of: forming a mixture film
containing said photosensitive prepolymer and liquid
crystal onto said substrate having said alignment film
thereon; and forming said resin film at the surface of
said mixture film by irradiating a surface of said mixture
film with said light having a first wavelength from an
other side of said substrate to extract and cure said pho-
tosensitive prepolymer at the surface of said mixture
film.

[0096] The resin film is formed by the extraction of
the photosensitive prepolymer contained in the mixture
film, while the liquid crystal layer is made from the liquid
crystal remaining in the mixture film. This eliminates the
need for the time-consuming liquid crystal filling proc-
ess, thereby to simplify the fabrication process and to
reduce the fabrication cost. In addition, the liquid crystal
sandwiched between the single substrate and the resin
film makes the device lighter in weight than a liquid crys-
tal device in which the liquid crystal is sandwiched
between a pair of substrates.

[0097] The invention of claims 73 is the method for
fabricating a liquid crystal device of claim 72, wherein in
said resin film formation step, said resin film is formed
by extracting a predetermined amount of said photosen-
sitive prepolymer contained in said mixture film, and
said method further comprising the step of, by selec-
tively irradiating a predetermined region in said mixture
film with light having a second wavelength to cure said
photosensitive prepolymer remaining in said mixture
film, forming a supporting member in said predeter-
mined region between said substrate and said resin
film.

[0098] The formation of the supporting member by
the photosensitive prepolymer remaining in the mixture
film simplifies the fabrication process of the liquid crys-
tal device, and further makes the distance between the
substrate and the resin film or the thickness of the liquid
crystal layer uniform.

[0099] The invention of claims 74 is the method for
fabricating a liquid crystal device of claim 73, wherein in
said supporting member formation step, said supporting
member is formed by extracting a predetermined
amount of said photosensitive prepolymer remaining in
said mixture film, and said method further comprising
the step of forming an inner-side resin film onto said
resin film on said substrate side by irradiating said mix-
ture film with light having a third wavelength from said
resin film side to extract and cure said photosensitive
prepolymer remaining in said mixture film.

[0100] The inner-side resin film is formed by the
extraction of the photosensitive prepolymer remaining in
the mixture film, while the liquid crystal layer is made
from the liquid crystal remaining in the mixture film,
which facilitates the enhancement of the purity of the lig-
uid crystal in the liquid crystal layer.

[0101] The invention of claims 75 is the method for
fabricating a liquid crystal device of claim 72, wherein
said photosensitive prepolymer contains an acrylate
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system material.

[0102] The presence of the acrylate system mate-
rial facilitates the formation of the resin film by curing the
photosensitive prepolymer when the mixture film is irra-
diated with the light, and further provides the obtained
liquid crystal device with excellent transparency against
light in a visible region.

[0103] The invention of claims 76 and 77 is the
method for fabricating a liquid crystal device of claim 72,
wherein said liquid crystal contains nematic liquid crys-
tal, and more specifically, tolane system nematic liquid
crystal.

[0104] The use of this type of liquid crystal facili-
tates the dissociation of the photosensitive prepolymer
and the liquid crystal from each other by irradiating the
mixture film with the light, so that the photosensitive pre-
polymer can be easily extracted to form the resin film. In
addition, it becomes possible to fabricate a liquid crystal
device performing stable operations with the use of the
fairly available liquid crystal.

[0105] The invention of claims 78 through 86 is the
method for fabricating a liquid crystal device of claims
72 through 74, wherein said mixture film further con-
tains one of a polymerization initiator and a sensitizer
for said photosensitive prepolymer which contains a
benzoyl system material, and more specifically, 2, 2-
dimethoxy-1 ,2-diphenylethane- 1-one.

[0106] The presence of these materials increases
the efficiency of the curing of the photosensitive prepol-
ymer, so that the hardening rate of the photosensitive
prepolymer can be increased to further simplify the fab-
rication process.

[0107] The invention of claims 87 through 89 is the
method for fabricating a liquid crystal device of claims
72 through 74, wherein said resin film formation step is
performed by irradiating said mixture film with said light
having the first wavelength in a reciprocity law failure
condition.

[0108] This feature facilitates the curing of the pho-
tosensitive prepolymer on and around the surface of the
mixture film which absorbs the light most, and also facil-
itates the selective formation of the resin film onto the
surface of the mixture film by extracting the photosensi-
tive prepolymer in the reciprocity law failure condition.
[0109] The invention of claims 90 through 95 is the
method for fabricating a liquid crystal device of claims
72 through 74, wherein the first wavelength is within an
absorption band region in absorption curves of said
photosensitive prepolymer, and more specifically, said
photosensitive prepolymer contains a polyester acrylate
system material; and said light having the first wave-
length is far-ultraviolet light, the first wavelength being
254 nm.

[0110] The irradiated light is almost entirely
absorbed in and around the surface of the mixture film
to cure the photosensitive prepolymer. This further facil-
itates the selective formation of the resin film onto the
surface of the mixture film and the control of the thick-
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ness of the resin film with very high precision.

[0111] The invention of claims 96 and 97 is the
method for fabricating a liquid crystal devices of claims
73 and 74, wherein said resin film formation step is per-
formed by irradiating said mixture film with said light
having the first wavelength in a reciprocity law failure
condition; and said supporting member formation step
is performed by irradiating said mixture film with said
light having the second wavelength in a reciprocity law
condition.

[0112] The irradiation of the light having the first
wavelength in the reciprocity law failure condition pro-
motes the extraction and curing of the photosensitive
prepolymer on and around the surface of the mixture
film to selectively form the resin film onto the surface of
the mixture film. The irradiation of the light having the
second wavelength in the reciprocity law condition
makes it easier to cure the photosensitive prepolymer
as far as the vicinity of the substrate in the mixture film,
which facilitates the secure and efficient formation of the
supporting member between the resin film and the sub-
strate.

[0113] The invention of claims 98 and 99 is the
method for fabricating a liquid crystal devices of claims
73 and 74, wherein said light having the second wave-
length has smaller absorbance of said photosensitive
prepolymer than said light having the first wavelength.
[0114] The irradiated light having the first wave-
length is almost entirely absorbed in and around the
surface of the mixture film to cure the photosensitive
prepolymer, which further facilitates the selective forma-
tion of the resin film onto the surface of the mixture film.
The light having the second wavelength easy to reach
the vicinity of the substrate in the mixture film makes it
easy to form the supporting member between the resin
film and the substrate.

[0115] The invention of claim 100 is the method for
fabricating a liquid crystal device of claim 74, wherein
said resin film formation step is performed by irradiating
said mixture film with said light having the first wave-
length in a reciprocity law failure condition; said support-
ing member formation step is performed by irradiating
said mixture film with said light having the second wave-
length in a reciprocity law condition; and said inner-side
resin film formation step is performed by irradiating said
mixture film with said light having the third wavelength in
the reciprocity law failure condition.

[0116] The irradiation of the light having the first
wavelength or the light having the third wavelength in
the reciprocity law failure condition makes it easy to
extract and cure the photosensitive prepolymer in and
around the surface of the mixture film, which facilitates
the selective formation of the resin film and the inner-
side resin film onto the surface of the mixture film. The
irradiation of the light having the second wavelength in
the reciprocity law condition makes it easy to cure the
photosensitive prepolymer as far as the vicinity of the
substrate in the mixture film, which facilitates the secure
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and efficient formation of the supporting member
between the resin film and the substrate.

[0117] The invention of claim 101 is the method for
fabricating a liquid crystal device of claim 74, wherein
said light having the third wavelength has absorbance of
said photosensitive prepolymer smaller than said light
having the first wavelength and larger than said light
having the second wavelength.

[0118] The light having the first wavelength, which
hardly passes through the mixture film and is almost
entirely absorbed in and around the surface of the mix-
ture film facilitates the selective formation of the resin
film onto the surface of the mixture film. The light having
the second wavelength, which is easy to reach the vicin-
ity of the substrate in the mixture film, facilitates the
secure formation of the supporting member between
the resin film and the substrate. The light having the
third wavelength, which passes through the already
formed resin film relatively easily but is likely to be
absorbed in the resin film on the substrate side, facili-
tates the formation of the inner-side resin film onto the
resin film on the substrate side.

[0119] The invention of claims 102 and 103 is the
method for fabricating a liquid crystal device of claim 74,
wherein said mixture film further contains one of a
polymerization initiator and a sensitizer for said photo-
sensitive prepolymer; the first wavelength is within an
absorption band region on absorption curves of said
photosensitive prepolymer, said mixture film being irra-
diated with said light having the first wavelength in a rec-
iprocity law failure condition; the second wavelength is
longer than an absorption band peak wavelength on
absorption curves of one of said polymerization initiator
and said sensitizer, said mixture film being irradiated
with said light having the second wavelength in a reci-
procity law condition; and the third wavelength is
between a longest wavelength in the absorption band
region on absorption curves of said photosensitive pre-
polymer and the absorption band peak wavelength on
the absorption curves of one of said polymerization ini-
tiator and said sensitizer, said mixture film being irradi-
ated with said light having the third wavelength in the
reciprocity law failure condition. More specifically, said
photosensitive prepolymer contains a polyester acrylate
system material; said liquid crystal contains tolane sys-
tem nematic liquid crystal; said mixture film further con-
tains 2,2- dimethoxy-1, 2-diphenylethane-1-one; said
light having the first wavelength is far-ultraviolet light,
the first wavelength being 254 nm; said light having the
second wavelength is ultraviolet light, the second wave-
length being 365 nm; and said light having the third
wavelength is ultraviolet light, the third wavelength
being 313 nm.

[0120] The light having the first wavelength, which
hardly passes through the mixture film and is almost
entirely absorbed in and around the surface of the mix-
ture film, facilitates the selective formation of the resin
film onto the surface of the mixture film by extracting the
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photosensitive polymer in the reciprocity law failure con-
dition. The light having the second wavelength, which is
easy to reach the vicinity of the substrate in the mixture
film, facilitates the secure and efficient formation of the
supporting member between the resin film and the sub-
strate in the reciprocity law condition. The light having
the third wavelength, which passes through the already
formed resin film relatively easily and is easily absorbed
in the resin film on the substrate side, facilitates the for-
mation of the inner-side resin film onto the resin film on
the substrate side by extracting the photosensitive poly-
mer in the reciprocity law failure condition.

[0121] The invention of claim 104 is the method for
fabricating a liquid crystal device of claim 74, wherein in
said inner-side resin film formation step, said irradiation
of said light having the third wavelength is performed
through a polarizer.

[0122] This feature makes the inner-side resin film
have an alignment function for providing the liquid crys-
tal molecules in the vicinity of the inner-side resin film
with a predetermined tilt angle to improve the stability of
the alignment conditions of the liquid crystal.

(2) The Second Invention Group

[0123] The invention of claim 105 is a resin/liquid
crystal composite comprising: a first resin film; a second
resin film facing the first resin film; and a liquid crystal
layer sandwiched between the first resin film and the
second resin film, the first resin film, the second resin
film and said liquid crystal layer being formed integrally.
[0124] The first resin film, the second resin film and
the liquid crystal layer, which are integrally formed to
compose the resin/liquid crystal composite, are in abso-
lute contact with each other to prevent the entry of for-
eign particles such as dusts between adjacent
components. This eliminates wasted space inside the
resin/liquid crystal composite, allowing the composite to
have the thinnest possible thickness.

[0125] The resin/liquid crystal composite can be
used in a wide range such as for light-control windows
or lightproof shutters which make curtains or blinds
unnecessary. To be more specific, the application of the
resin/liquid crystal composite to a transparent glass
window having a previously formed transparent elec-
trode realizes a light-control window in which electric
field is applied on the liquid crystal layer via the elec-
trode so as to control the light transmittance of the
resin/liquid crystal composite.

[0126] The invention of claim 106 is the resin/liquid
crystal composite of claim 105, wherein at least one of
the first resin film and the second resin film has an align-
ment function for aligning liquid crystal molecules in a
predetermined direction in said liquid crystal layer.
[0127] In this structure, the liquid crystal molecules
in the liquid crystal layer are aligned in a predetermined
direction when there is no application of electricity. As a
result, the direction to align the liquid crystal molecules
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in the liquid crystal layer can be easily controlled by the
application of electric field or the like.

[0128] The invention of claims 107 and 108 is the
resin/liquid crystal composite of claim 105, wherein the
first resin film and the second resin film are made of a
same resin formed by curing a photosensitive prepoly-
mer contained in a liquid crystal -prepolymer mixture
with irradiation of light.

[0129] In this structure, both the first and second
resin films are made from a cured photosensitive pre-
polymer. Such an integral unit made from the same
material has no distortion inside or inconsistency of the
components, so that the resin/liquid crystal composite
has excellent ruggedness.

[0130] The invention of claims 109 and 110 is the
resin/liquid crystal composite of claim 107 and 108 fur-
ther comprising a supporting member for supporting the
first resin film and the second resin film with a fixed
space therebetween, said supporting member being
formed integrally with the first resin film and the second
resin film.

[0131] In this structure, the supporting member
supporting the space between the first and second resin
films is formed integrally with these films, so that the
space can be kept securely in a stable manner. The
supporting member also functions to reinforce the struc-
ture of the resin/liquid crystal composite integrally with
the first and second resin films.

[0132] Also in this structure, the first and second
resin films and the supporting member are formed inte-
grally without seam, so that the liquid crystal layer can
have the thinnest possible thickness, thereby realizing a
resin/liquid crystal composite which is lighter in weight,
more compact and rugged. The application of the
resin/liquid crystal composite to a liquid crystal display
device makes the device have a stable display and be
lighter in weight and more compact.

[0133] The invention of claim 111 is the resin/liquid
crystal composite of claim 105, wherein said resin com-
posing the first resin film and the second resin film is a
polyester acrylate system material.

[0134] The use of the polyester acrylate system
resin having excellent transparency provides the
resin/liquid crystal composite with excellent transpar-
ency against light in a visible region.

[0135] The invention of claims 112 and 113 is the
resin/liquid crystal composite of claim 105, wherein said
liquid crystal layer contains nematic liquid crystal, and
more specifically, tolane system nematic liquid crystal.
[0136] The availability of this type of liquid crystal
realizes an inexpensive resin/liquid crystal composite.
[0137] The invention of claim 114 is a method for
fabricating a resin/liquid crystal composite integrally
composed of a first resin film, a second resin film facing
the first resin film and a liquid crystal layer sandwiched
between the first resin film and the second resin film,
said method comprising the steps of: forming a liquid
crystal-prepolymer mixture film containing a photosen-
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sitive prepolymer and liquid crystal onto a surface of a
light-transmitting substrate; forming a first resin film
onto a surface of said liquid crystal-prepolymer mixture
film by irradiating the surface of said liquid crystal-pre-
polymer mixture film with first light having a wavelength
and intensity capable of selectively curing only the sur-
face of said liquid crystal-prepolymer mixture film, and
by extracting said liquid crystal existing in the surface of
said liquid crystal-prepolymer mixture film to said sub-
strate side; and forming the second resin film onto said
liquid crystal-prepolymer mixture film on said substrate
side so as to face the first resin film by curing said pho-
tosensitive prepolymer remaining in said liquid crystal-
prepolymer mixture film with irradiation of second light
from a rear side of said substrate, and by arranging dis-
sociated liquid crystal between the first resin film and
the second resin film.

[0138] The first and second resin films are formed
by the curing of the photosensitive prepolymer con-
tained in the mixture film, while the liquid crystal layer is
made from the liquid crystal remaining in the mixture
film. This eliminates the need for the time-consuming
liquid crystal filling process thereby to simplify the fabri-
cation process and to reduce the fabrication cost. Fur-
thermore, the absence of the liquid crystal filling
process realizes the quick formation of a liquid crystal
layer even when the resin/liquid crystal composite has a
large area.

[0139] The first resin film, the second resin film and
the liquid crystal layer, which are integrally formed to
compose the resin/liquid crystal composite, are in abso-
lute contact with each other to prevent the entry of for-
eign particles such as dusts between adjacent
components. This eliminates wasted space inside the
resin/liquid crystal composite, allowing the composite to
have the thinnest possible thickness and to be light-
weight and compact.

[0140] The invention of claim 115 is a method for
fabricating a resin/liquid crystal composite integrally
composed of a first resin film, a second resin film facing
the first resin film and a liquid crystal layer sandwiched
between the first resin film and the second resin film,
said method comprising the steps of: forming a liquid
crystal-prepolymer mixture film containing a photosen-
sitive prepolymer and liquid crystal onto a surface of a
light-transmitting substrate; forming a protection resin
film onto a surface of said liquid crystal-prepolymer mix-
ture film by irradiating the surface of said liquid crystal-
prepolymer mixture film with light having a first wave-
length not passing through said liquid crystal-prepoly-
mer mixture film substantially to cure said
photosensitive prepolymer existing in and around the
surface of said liquid crystal-prepolymer mixture film
selectively, and by extracting said liquid crystal existing
in and around the surface of said liquid crystal-prepoly-
mer mixture film to said substrate side; forming the sec-
ond resin film on a substrate-side surface of said liquid
crystal-prepolymer mixture film by selectively photo-cur-
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ing said photosensitive prepolymer existing in and
around the substrate-side surface of said liquid crystal-
prepolymer mixture film by irradiating said liquid crystal-
prepolymer mixture film with light having a third wave-
length from a rear side of said substrate, and by extract-
ing said liquid crystal existing in the substrate-side
surface of said liquid crystal-prepolymer mixture film to
said protective resin side; and forming the first resin film
inside said protection resin film to be integral therewith
by photo-curing said photosensitive prepolymer remain-
ing in said liquid crystal-prepolymer mixture film by irra-
diating said liquid crystal-prepolymer mixture film with
said light having the third wavelength from said protec-
tion resin film side through said protection resin film,
and by arranging dissociated liquid crystal between the
first resin film and the second resin film.

[0141] The first and second resin films are formed
by the curing of the photosensitive prepolymer con-
tained in the mixture film, while the liquid crystal layer is
made from the liquid crystal remaining in the mixture
film. This eliminates the need for the time-consuming
liquid crystal filling process thereby to simplify the fabri-
cation process and to reduce the fabrication cost. In
addition, the mixture film can be protected between the
substrate and the protection resin film formed on the
film. The protection resin film prevents the surface of the
mixture film from having asperities or becoming wavy
due to contact during the fabrication process, which
make it possible that the photo mask or the polarizer
can be laid on the surface of the protection resin film to
be irradiated by the light.

[0142] The invention of claim 116 is a method for
fabricating a resin/liquid crystal composite integrally
composed of a first resin film; a second resin film facing
the first resin film; a liquid crystal layer sandwiched
between the first resin film and the second resin film and
a supporting member supporting the first resin film and
the second resin film with a predetermined space there-
between, said method comprising the steps of: forming
a liquid crystal-prepolymer mixture film containing at
least a photosensitive prepolymer and liquid crystal
onto a surface of a light-transmitting substrate; forming
a protection resin film onto a surface of said liquid crys-
tal prepolymer mixture film by irradiating the surface of
said liquid crystal-prepolymer mixture film with light hav-
ing a first wavelength not passing through said liquid
crystal-prepolymer mixture film substantially to photo-
cure said photosensitive prepolymer existing in and
around the surface of said liquid crystal-prepolymer
mixture film selectively, and by extracting said liquid
crystal existing in and around the surface of said liquid
crystal-prepolymer mixture film to said substrate side;
forming said supporting member made from said photo-
sensitive prepolymer cured in a desired form by putting
a mask in a desired pattern onto said protection resin
film and by irradiating said liquid crystal-prepolymer
mixture film with light having a second wavelength
through said mask; forming the second resin film onto a
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substrate-side surface of said liquid crystal-prepolymer
mixture film by selectively photo-curing said photosensi-
tive prepolymer existing in the substrate-side surface of
said liquid crystal-prepolymer mixture film by irradiating
said liquid crystal-prepolymer mixture film with light hav-
ing a third wavelength from a rear side of said substrate
through said substrate and a polarizer, and by extracting
said liquid crystal existing in the substrate-side surface
to said protection resin film side; and forming the first
resin film inside said protection resin film to be inte-
grated therewith by photo-curing said photosensitive
prepolymer remaining in said liquid crystal-prepolymer
mixture film by irradiating said liquid crystal-prepolymer
mixture film with said light having the third wavelength
through said protection resin film and a polarizer laid
thereon, and by arranging dissociated liquid crystal
between the first resin film and the second resin film.

[0143] The first and second resin films are formed
by the curing of the photosensitive prepolymer con-
tained in the mixture film, while the liquid crystal layer is
made from the liquid crystal remaining in the mixture
film. This eliminates the need for the time-consuming
liquid crystal filling process thereby to simplify the fabri-
cation process and to reduce the fabrication cost. In
addition, the supporting member can be made from the
photosensitive prepolymer contained in the mixture film
to simplify the fabrication process. Furthermore, the
supporting member formed integrally with these films
keeps the space between these films securely in a sta-
ble manner, and also functions to reinforce the structure
of the resin/liquid crystal composite. As a result, the
obtained resin/liquid crystal composite becomes lighter
in weight, more compact and rugged.

[0144] In the first resin film formation process and
the supporting member formation process, the surface
of the mixture film can be protected by the protection
resin film formed thereon, which make it possible that
the photo mask or the polarizer can be laid directly on
the protection resin film to be irradiated by the light.
[0145] In the first and second resin film formation
processes, the irradiation of the light having the third
wavelength through the polarizer makes the molecules
of the first and second resin films be polymerized with
directivity in the polarizing direction of the polarizer so
as to provide the molecules with the alignment function
for aligning the liquid crystal molecules in the predeter-
mined direction. This eliminates the need for the rub-
bing treatment, thereby simplifying the fabrication
process.

[0146] The invention of claim 117 is the method for
fabricating a resin/liquid crystal composite of claim 115,
wherein the first wavelength is within an absorption
band region in absorption curves of said photosensitive
prepolymer; and said light having the third wavelength
has smaller absorbance of said photosensitive prepoly-
mer than said light having the first wavelength.

[0147] The light having the first wavelength, which
hardly passes through the mixture film and is almost
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entirely absorbed in and around the surface of the mix-
ture film facilitates the formation of the protection resin
film onto the surface of the mixture film. The light having
the third wavelength, which passes through the already
formed protection resin film and the light-transmitting
substrate relatively easily but is easily absorbed in the
portions of the mixture film that are in the vicinity of the
protection resin film and in the vicinity of the substrate,
facilitates the formation of the first resin film inside the
protection resin film, and of the second resin film onto
the substrate-side surface of the mixture film.

[0148] The invention of claim 118 is the method for
fabricating a resin/liquid crystal composite of claim 117,
wherein said irradiation of said light having the first
wavelength and said light having the third wavelength is
performed in a reciprocity law failure condition.

[0149] The irradiation of the light having the first
wavelength in the reciprocity law failure condition pro-
motes the curing of the photosensitive prepolymer on
and around the surface of the mixture film to facilitate
the selective formation of the protection resin film onto
the surface of the mixture film.

[0150] The irradiation of the light having the third
wavelength in the reciprocity law failure condition pro-
motes the curing of the photosensitive prepolymer
inside the protection resin film to form the first resin film
there, and also promotes the curing of the photosensi-
tive prepolymer on the substrate-side surface of the
mixture film to form the second resin film there.

[0151] The invention of claim 119 is the method for
fabricating a resin/liquid crystal composite of claim 118,
wherein said photosensitive prepolymer contains a pol-
yester acrylate system compound; and said light having
the first wavelength is far-ultraviolet light, the first wave-
length being 254 nm.

[0152] The irradiated light can be substantially
absorbed in and around the surface of the mixture film
to cure the photosensitive prepolymer, which further
facilitates the selective formation of the protection resin
film on the surface of the mixture film, and the control of
the thickness of the protection resin film with very high
precision.

[0153] The invention of claim 120 is the method for
fabricating a resin/liquid crystal composite of claim 116,
wherein the first wavelength is within an absorption
band region in absorption curves of said photosensitive
prepolymer; said light having the second wavelength
has smaller absorbance of said photosensitive prepoly-
mer than said light having the first wavelength; and said
light having the third wavelength has smaller absorb-
ance of said photosensitive prepolymer than said light
having the first wavelength and larger absorbance than
said light having the second wavelength.

[0154] The light having the first wavelength, which
hardly passes through the mixture film and is almost
entirely absorbed in and around the surface of the mix-
ture film, facilitates the selective formation of the protec-
tion resin film onto the surface of the mixture film. The
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light having the second wavelength, which is easy to
reach the vicinity of the substrate in the mixture film,
facilitates the secure formation of the supporting mem-
ber between the first resin film and the second resin
film. The light having the third wavelength, which
passes through the already formed protection resin film
and the light-transmitting substrate relatively easily but
is likely to be absorbed in the portions of the mixture film
that are in the vicinity of the protection resin film and in
the vicinity of the substrate, facilitates the formation of
the first resin film inside the protection resin film and of
the second resin film on the substrate-side surface of
the mixture film.

[0155] The invention of claim 121 is the method for
fabricating a resin/liquid crystal composite of claim 120,
wherein said liquid crystal-prepolymer mixture film fur-
ther contains one of a polymerization initiator and a sen-
sitizer; in said protection resin film formation step, the
first wavelength is within an absorption band region in
absorption curves of said photosensitive prepolymer,
and said irradiation of said liquid crystal-prepolymer
mixture film with said light having the first wavelength is
performed in a reciprocity law failure condition; the sec-
ond wavelength is longer than an absorption band peak
wavelength in absorption curves of one of said polymer-
ization initiator and said sensitizer, and said irradiation
of said liquid crystal-prepolymer mixture film with said
light having the second wavelength is performed in a
reciprocity law condition; and in said first resin film for-
mation step and said second resin film formation step,
the third wavelength is between a longest wavelength in
the absorption band region in absorption curves of said
photosensitive prepolymer and the absorption band
peak wavelength in the absorption curves of one of said
polymerization initiator and said sensitizer, and said
irradiation of said liquid crystal-prepolymer mixture film
with said light having the third wavelength is performed
in the reciprocity law failure condition.

[0156] The light having the first wavelength, which
hardly passes through the mixture film and is substan-
tially absorbed in and around the surface of the mixture
film, facilitates the selective formation of the protection
resin film onto the surface of the mixture film by curing
the photosensitive polymer in the reciprocity law failure
condition. The light having the second wavelength,
which is easy to reach the vicinity of the substrate in the
mixture film, facilitates the secure and efficient forma-
tion of the supporting member between the first resin
film and the second resin film in the reciprocity law con-
dition. The light having the third wavelength, which
passes through the already formed protection resin film
and the light-transmitting substrate relatively easily but
is easily absorbed in the portions of the mixture film that
are in the vicinity of the protection resin film and in the
vicinity of the substrate, facilitates the formation of the
first resin film inside the protection resin film and of the
second resin film onto the substrate-side surface of the
mixture film by extracting the photosensitive polymer in
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the reciprocity law failure condition.

[0157] The invention of claims 122 and 123 is the
method for fabricating a resin/liquid crystal composite of
claim 115, wherein said liquid crystal is nematic liquid
crystal, and more specifically, tolane system nematic
liquid crystal.

[0158] The use of this type of liquid crystal facili-
tates the dissociation of the photosensitive prepolymer
and the liquid crystal from each other by irradiating the
mixture film with the light, so that the photosensitive pre-
polymer can be easily cured to form the first and second
resin films.

[0159] The invention of claims 124 and 125 is the
method for fabricating a resin/liquid crystal composite of
claim 121, wherein one of said polymerization initiator
and said sensitizer is a benzoyl system compound, and
more specifically, 2,2-dimethoxy- 1,2- diphenylethane -1
-one.

[0160] The presence of these materials increases
the efficiency of the curing of the photosensitive prepol-
ymer, so that the hardening rate of the photosensitive
prepolymer can be increased to further simplify the fab-
rication process.

[0161] The invention of claim 126 is the method for
fabricating a resin/liquid crystal composite of claim 121,
wherein said photosensitive prepolymer contains a pol-
yester acrylate system material; said liquid crystal con-
tains tolane system nematic liquid crystal; said liquid
crystal-prepolymer film further contains 2,2- dimethoxy
1,2- diphenylethane- 1-one; said light having the first
wavelength is far-ultraviolet light, the first wavelength
being 254 nm; said light having the second wavelength
is ultraviolet light, the second wavelength being 365 nm;
and said light having the third wavelength is ultraviolet
light, the third wavelength being 313 nm.

[0162] The light having the first wavelength, which
hardly passes through the mixture film and is substan-
tially absorbed in and around the surface of the mixture
film, facilitates the selective formation of the protection
resin film onto the surface of the mixture film by curing
the photosensitive polymer in the reciprocity law failure
condition. The light having the second wavelength,
which is easy to reach the vicinity of the substrate in the
mixture film, facilitates the secure and efficient forma-
tion of the supporting member between the first resin
film and the second resin film in the reciprocity law con-
dition. The light having the third wavelength, which
passes through the already formed protection resin film
and the light-transmitting substrate relatively easily but
is easily absorbed in the portions of the mixture film that
are in the vicinity of the protection resin film and in the
vicinity of the substrate, facilitates the formation of the
first resin film inside the protection resin film and of the
second resin film onto the substrate-side surface of the
mixture film by extracting the photosensitive polymer in
the reciprocity law failure condition.

[0163] The invention of claim 127 is a liquid crystal
display device comprising: a substrate-side resin film
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made from a photosensitive prepolymer which has been
polymerized, said substrate-side resin film being formed
onto a surface of a substrate at least having a pixel elec-
trode and a switching element connected with the pixel
electrode; a counter resin film made from said photo-
sensitive prepolymer which has been polymerized, said
counter resin film being arranged to face said substrate
side resin film; and a liquid crystal layer sandwiched
between said substrate-side resin film and said counter
resin film, said substrate-side resin film, said counter
resin film and said liquid crystal layer being formed inte-
grally.

[0164] The liquid crystal sandwiched between the
substrate-side resin film formed on the single substrate
and the counter resin film makes the device lighter in
weight than a liquid crystal display device in which the
liquid crystal is sandwiched between a pair of sub-
strates.

[0165] The substrate-side resin film, the counter
resin film and the liquid crystal layer which are integrally
formed to compose the liquid crystal display device, are
in absolute contact with each other to prevent the entry
of foreign particles such as dusts between adjacent
components. This eliminates wasted space between
the substrate-side resin film and the liquid crystal layer
and between the liquid crystal layer and the counter
resin film, allowing the device to have the thinnest pos-
sible thickness, thereby to achieve a lightweight slim lig-
uid crystal display device.

[0166] The invention of claim 128 is the liquid crys-
tal display device of claim 127 further comprising a sup-
porting member formed between said substrate-side
resin film and said counter resin film in a manner to be
integral therewith.

[0167] In this structure, the supporting member
supporting the space between the substrate-side resin
film and the counter resin film is formed integrally with
these films, so that the space can be kept securely in a
stable manner. The supporting member also functions
to reinforce the structure of the liquid crystal display
device integrally with the substrate-side resin film and
the counter resin film.

[0168] Furthermore, the substrate-side resin film,
the counter resin film and the supporting member are
formed integrally without seam, so that the liquid crystal
layer can have the thinnest possible thickness, thereby
realizing a liquid crystal display device which is lighter in
weight, more compact and has a stable display.

[0169] The invention of claims 129 and 130 is the
liquid crystal display device of claim 127 and 128,
wherein said substrate-side resin film and said counter
resin film contain a polyester acrylate system com-
pound.

[0170] The use of the polyester acrylate system
resin having excellent transparency provides the liquid
crystal display device with excellent transparency
against light in a visible region and a bright display.
[0171] The invention of claims 131 and 132 is the
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liquid crystal display device of claim 127, wherein said
liquid crystal layer contains nematic liquid crystal, and
more specifically, tolane system nematic liquid crystal.

[0172] The availability of this type of liquid crystal
realizes an inexpensive resin/liquid crystal composite
which performs stable operations.

[0173] The invention of claims 133 and 134 is the
liquid crystal display device of claim 127 further com-
prising a counter electrode arranged on a side of said
counter resin film that is opposite said liquid crystal
layer, wherein at least one of said counter resin film and
said substrate-side resin film is formed by photo-curing
said photosensitive prepolymer with irradiation of polar-
ized light to align molecules of said photosensitive pre-
polymer in a direction.

[0174] In this structure, the liquid crystal molecules
in the liquid crystal layer are aligned in a predetermined
direction when there is no application of electricity. As a
result, the direction to align the liquid crystal molecules
in the liquid crystal layer can be easily controlled by the
application of electric field or the like, which realizes a
lightweight slim liquid crystal display device having the
TN structure or the homeotropic structure.

[0175] The invention of claim 135 is the liquid crys-
tal display device of claim 133 further comprising a color
filter arranged on the side of said counter resin film that
is opposite said liquid crystal layer.

[0176] The provision of the color filter realizes a
lightweight slim color liquid crystal display device having
the TN structure or the homeotropic structure.

[0177] The invention of claim 136 is the liquid crys-
tal display device of claim 135, wherein said counter
electrode is made of a transparent conductive film and
is formed either between said counter resin film and
said color filter or on a side of said color filter that is
opposite said counter resin film.

[0178] This feature realizes a lightweight, slim and
color liquid crystal display device of transmission type
which has the TN structure or the homeotropic struc-
ture.

[0179] The invention of claim 137 is the liquid crys-
tal display device of claim 135, wherein said counter
electrode is made from a light-reflecting material; and
said color filter is formed between said counter resin film
and said counter electrode.

[0180] This feature realizes a lightweight, slim and
color liquid crystal display device of reflection type
which has the TN structure or the homeotropic struc-
ture.

[0181] The invention of claims 138 and 139 is the
liquid crystal display device of claim 127 and 128,
wherein said substrate further has a common electrode
thereon.

[0182] The provision of the common electrode real-
izes a lightweight, slim IPS liquid crystal display device.
[0183] The invention of claims 140 and 141 is the
liquid crystal display device of claim 138, wherein at
least one of said counter resin film and said substrate-
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side resin film is formed by photo-curing said photosen-
sitive prepolymer with irradiation of polarized light to
align molecules of said photosensitive prepolymer in a
direction.

[0184] In this structure, the liquid crystal molecules
in the liquid crystal layer are aligned in a predetermined
direction when there is no application of electricity. As a
result, the direction to align the liquid crystal molecules
in the liquid crystal layer can be easily controlled by the
application of electric field or the like, which realizes a
lightweight, slim IPS liquid crystal display device having
excellent display characteristics.

[0185] The invention of claim 142 is the liquid crys-
tal display device of claim 133 further comprising a color
filter arranged on the side of said counter resin film that
is opposite said liquid crystal layer.

[0186] The provision of the color filter realizes a
lightweight, slim and color IPS liquid crystal display
device.

[0187] The invention of claim 143 is the liquid crys-
tal display device of claim 142 further comprising an
electrode made of a transparent conductive film, said
electrode being formed either between said counter
resin film and said color filter or on a side of said color
filter that is opposite said counter resin film.

[0188] The provision of the electrode realizes an
IPS liquid crystal display device which is excellent in
alignment stability, in addition to being lightweight, slim
and color because the alignment of the liquid crystal
molecules is hardly affected by static electricity even if
the resin film is thin.

[0189] The invention of claim 144 is the liquid crys-
tal display device of claim 142 further comprising an
electrode made from a light-reflecting material, said
electrode being arranged on a side of said color filter
that is opposite said counter resin film.

[0190] The provision of the electrode realizes a
lightweight, slim and color IPS liquid crystal display
device of reflection type.

[0191] The invention of claim 145 is a method for
fabricating a liquid crystal display device comprising: a
substrate-side resin film made from a photosensitive
prepolymer which has been polymerized, said sub-
strate-side resin film being formed on a surface of a
light-transmitting substrate having a pixel electrode and
a switching element connected with the pixel electrode;
a counter resin film made from said photosensitive pre-
polymer which has been polymerized, said counter
resin film being arranged to face said substrate-side
resin film; and a liquid crystal layer sandwiched
between said substrate-side resin film and said counter
resin film, said substrate-side resin film, said counter
resin film and said liquid crystal layer being formed inte-
grally, said method comprising the steps of: forming the
pixel electrode and the switching element connected
with the pixel electrode onto said light-transmitting sub-
strate; forming a liquid crystal-prepolymer mixture film
consisting of said photosensitive prepolymer and liquid
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crystal onto a surface of said substrate having the pixel
electrode and the switching element; forming a counter
resin film onto a surface of said liquid crystal-prepoly-
mer mixture film by irradiating the surface of said liquid
crystal-prepolymer mixture film with light having a wave-
length and intensity capable of selectively photo-curing
only the surface of said liquid crystal-prepolymer mix-
ture film, and by extracting said liquid crystal existing in
the surface of said liquid crystal-prepolymer mixture film
to said substrate side; and forming the substrate-side
resin film onto said liquid crystal-prepolymer mixture
film on said substrate side so as to face said counter
resin film by photo-curing said photosensitive prepoly-
mer remaining in said liquid crystal-prepolymer mixture
film with irradiation of light from a rear side of said sub-
strate, and to sandwich dissociated liquid crystal
between said counter resin film and said substrate-side
resin film.

[0192] The counter resin film and the substrate-side
resin film are formed by the curing of the photosensitive
prepolymer contained in the mixture film, while the liquid
crystal layer is made from the liquid crystal remaining in
the mixture film. This eliminates the need for the time-
consuming liquid crystal filling process thereby to sim-
plify the fabrication process and to reduce the fabrica-
tion cost.

[0193] In addition, the liquid crystal sandwiched
between the counter resin film and the substrate-side
resin film formed on the single substrate makes the
device lighter in weight than a liquid crystal display
device in which the liquid crystal is sandwiched between
a pair of substrates. The substrate-side resin film, the
counter resin film and the liquid crystal layer which are
integrally formed to compose the liquid crystal display
device, are in absolute contact with each other to pre-
vent the entry of foreign particles such as dusts
between adjacent components. This eliminates wasted
space between the substrate-side resin film and the lig-
uid crystal layer and between the liquid crystal layer and
the counter resin film, allowing the device to have the
thinnest possible thickness, thereby to achieve a light-
weight slim liquid crystal display device.

[0194] The invention of claim 146 is a method for
fabricating a liquid crystal display device comprising: a
substrate-side resin film made from a photosensitive
prepolymer which has been cured, said substrate-side
resin film being formed onto a surface of a light-trans-
mitting substrate having a pixel electrode and a switch-
ing element connected with the pixel electrode formed
thereon; a counter resin film made from said photosen-
sitive prepolymer which has been cured, said counter
resin film being formed to face said substrate-side resin
film; and a liquid crystal layer sandwiched between said
substrate-side resin film and said counter resin film,
said substrate-side resin film, said counter resin film
and said liquid crystal layer being formed integrally, said
method comprising the steps of: forming the pixel elec-
trode and the switching element connected with the
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pixel electrode onto said light-transmitting substrate;
forming a liquid crystal-prepolymer mixture film consist-
ing of said photosensitive prepolymer and liquid crystal
onto a surface of said substrate having the pixel elec-
trode and the switching element thereon; forming a pro-
tection resin film onto a surface of said liquid crystal-
prepolymer mixture film by irradiating the surface of said
liquid crystal-prepolymer mixture film with light having a
first wavelength not passing through said liquid crystal-
prepolymer mixture film substantially to photo-cure said
photosensitive prepolymer existing in and around the
surface of said liquid crystal-prepolymer mixture film
selectively, and by extracting said liquid crystal existing
in and around the surface of said liquid crystal-prepoly-
mer mixture film to said substrate side; forming the sub-
strate-side resin film onto a substrate-side surface of
said liquid crystal-prepolymer mixture film by selectively
photo-curing said photosensitive prepolymer existing in
and around the substrate-side surface of said liquid
crystal-prepolymer mixture film by irradiating said liquid
crystal-prepolymer mixture film with light having a third
wavelength from a rear side of said substrate, and by
extracting said liquid crystal existing in and around the
substrate-side surface of said liquid crystal-prepolymer
mixture film to said protection resin film side; and form-
ing the first resin film inside said protection resin film to
be integral therewith by curing said photosensitive pre-
polymer remaining in said liquid crystal-prepolymer mix-
ture film by irradiating said liquid crystal-prepolymer
mixture film with said light having the third wavelength
from said protection resin film side through said protec-
tion resin film so as to sandwich dissociated liquid crys-
tal between the first resin film and the substrate-side
resin film.

[0195] The counter resin film and the substrate-side
resin film are formed by the curing of the photosensitive
prepolymer contained in the mixture film, while the liquid
crystal layer is made from the liquid crystal remaining in
the mixture film. This eliminates the need for the time-
consuming liquid crystal filling process, thereby to sim-
plify the fabrication process and to reduce the fabrica-
tion cost.

[0196] In addition, the mixture film can be protected
between the substrate and the protection resin film
formed on the film. The protection resin film prevents
the surface of the mixture film from having asperities or
becoming wavy due to contact during the fabrication
process, which make it possible that the photo mask or
the polarizer can be laid on the surface of the protection
resin film to be irradiated by the light.

[0197] The invention of claim 147 is a method for
fabricating a liquid crystal display device comprising: a
substrate-side resin film made from a photosensitive
prepolymer which has been photo-cured, said sub-
strate-side resin film being formed onto a surface of a
light-transmitting substrate having a pixel electrode and
a switching element connected with the pixel electrode
formed thereon; a counter resin film made from said
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photosensitive prepolymer which has been photo-
cured, said counter resin film being formed to face said
substrate-side resin film; and a liquid crystal layer sand-
wiched between said substrate-side resin film and said
counter resin film, said substrate-side resin film, said
counter resin film and said liquid crystal layer being
formed integrally, said method comprising the steps of:
forming the pixel electrode and the switching element
connected with the pixel electrode onto said light-trans-
mitting substrate; forming a liquid crystal-prepolymer
mixture film consisting of said photosensitive prepoly-
mer and liquid crystal onto a surface of said substrate
having the pixel electrode and the switching element;
forming a protection resin film onto a surface of said lig-
uid crystal-prepolymer mixture film by irradiating the
surface of said liquid crystal-prepolymer mixture film
with light having a first wavelength not passing through
said liquid crystal-prepolymer mixture film substantially
to photo-cure said photosensitive prepolymer existing in
and around the surface of said liquid crystal-prepolymer
mixture film selectively, and by extracting said liquid
crystal existing in and around the surface of said liquid
crystal-prepolymer mixture film to said substrate side;
forming a supporting member made from said photo-
sensitive prepolymer selectively photo-cured in a
desired form by putting a mask in a desired pattern onto
said protection resin film and by irradiating said liquid
crystal-prepolymer mixture film with light having a sec-
ond wavelength through said mask; forming the sub-
strate-side resin film onto a substrate-side surface of
said liquid crystal-prepolymer mixture film by selectively
curing said photosensitive prepolymer existing in the
substrate-side surface of said liquid crystal-prepolymer
mixture film by irradiating said liquid crystal-prepolymer
mixture film with light having a third wavelength from a
rear side of said substrate through said substrate and a
polarizer, and by extracting said liquid crystal existing in
the substrate-side surface of said liquid crystal-prepoly-
mer mixture film to said protection resin film side; and
forming the first resin film inside said protection resin
film to be integrated therewith by curing said photosen-
sitive prepolymer remaining in said liquid crystal-prepol-
ymer mixture film by irradiating said liquid crystal-
prepolymer mixture film with said light having the third
wavelength from said protection resin film side through
said protection resin film and a polarizer laid thereon,
further forming said counter resin film from said protec-
tion resin film and the first resin film so as to sandwich
dissociated liquid crystal between the first resin film and
the substrate-side resin film.

[0198] The counter resin film and the substrate-side
resin film are formed by the curing of the photosensitive
prepolymer contained in the mixture film, while the liquid
crystal layer is made from the liquid crystal remaining in
the mixture film. This eliminates the need for the time-
consuming liquid crystal filling process, thereby to sim-
plify the fabrication process and to reduce the fabrica-
tion cost.
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[0199] The supporting member is made from the
photosensitive prepolymer contained in the mixture film
to simplify the fabrication process. The supporting
member, which is formed integrally with the counter
resin film (protection resin film and first resin film) and
the substrate-side resin film (second resin film), secures
the space between these resin films in a stable manner,
and also functions to reinforce the structure of the liquid
crystal display device. As a result, a liquid crystal dis-
play device which is lighter in weight, more compact and
rugged is obtained.

[0200] In the first resin film formation process and
the supporting member formation process, the surface
of the mixture film is protected by the protection resin
film, which make it possible that the photo mask or the
polarizer can be laid directly on the surface of the pro-
tection resin film to be irradiated by the light.

[0201] In the first resin film formation process and
the substrate-side resin film formation process, the irra-
diation of the light having the third wavelength through
the polarizer makes the molecules of the first and sub-
strate-side resin films be polymerized with directivity so
as to provide the molecules with the alignment function
for aligning the liquid crystal molecules in the predeter-
mined direction. This eliminates the need for the rub-
bing treatment, thereby simplifying the fabrication
process.

[0202] The invention of claim 148 is the method for
fabricating a liquid crystal display device of claim 146,
wherein the first wavelength is within an absorption
band region in absorption curves of said photosensitive
prepolymer; and said light having the third wavelength
has smaller absorbance of said photosensitive prepoly-
mer than said light having the first wavelength.

[0203] The light having the first wavelength, which
hardly passes through the mixture film and is almost
entirely absorbed in and around the surface of the mix-
ture film, facilitates the formation of the protection resin
film onto the surface of the mixture film. The light having
the third wavelength, which passes through the already
formed protection resin film and the light-transmitting
substrate relatively easily but is likely to be absorbed in
the portions of the mixture film that are in the vicinity of
the protection resin film and in the vicinity of the sub-
strate, facilitates the formation of the first resin film
inside the protection resin film and of the substrate-side
resin film onto the substrate-side surface of the mixture
film.

[0204] The invention of claim 149 is the method for
fabricating a liquid crystal display device of claim 148,
wherein said irradiation of said light having the first
wavelength and said light having the third wavelength is
performed in a reciprocity law failure condition.

[0205] The irradiation of the light having the first
wavelength in the reciprocity law failure condition pro-
motes the curing of the photosensitive prepolymer in
and around the surface of the mixture film to facilitate
the selective formation of the protection resin film onto
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the surface of the mixture film. The irradiation of the light
having the third wavelength in the reciprocity law failure
condition promotes the curing of the photosensitive pre-
polymer in the portion of the mixture film that is in the
vicinity of the protection resin film to form the first resin
film inside the protection resin film, and also facilitates
the curing of the photosensitive prepolymer in the por-
tion of the mixture film that is in the vicinity of the sub-
strate to form the substrate-side resin film.

[0206] The invention of claim 150 is the method for
fabricating a liquid crystal display device of claim 149,
wherein said photosensitive prepolymer contains a pol-
yester acrylate system compound; and said light having
the first wavelength is far-ultraviolet light, the first wave-
length being 254 nm.

[0207] The irradiated light can be substantially
absorbed in and around the surface of the mixture film
to cure the photosensitive prepolymer, which further
facilitates the selective formation of the protection resin
film on the surface of the mixture film, and the control of
the thickness of the protection resin film with very high
precision.

[0208] The invention of claim 151 is the method for
fabricating a liquid crystal display device of claim 147,
wherein the first wavelength is within an absorption
band region in absorption curves of said photosensitive
prepolymer; said light having the second wavelength
has smaller absorbance of said photosensitive prepoly-
mer than said light having the first wavelength; and said
light having the third wavelength has smaller absorb-
ance of said photosensitive prepolymer than said light
having the first wavelength and larger absorbance than
said light having the second wavelength.

[0209] The light having the first wavelength, which
hardly passes through the mixture film and is almost
entirely absorbed in and around the surface of the mix-
ture film, facilitates the selective formation of the protec-
tion resin film onto the surface of the mixture film. The
light having the second wavelength, which is easy to
reach the vicinity of the substrate in the mixture film,
facilitates the secure formation of the supporting mem-
ber between the counter resin film and the substrate-
side resin film. The light having the third wavelength,
which passes through the already formed protection
resin film and the light-transmitting substrate relatively
easily but is likely to be absorbed in the portions of the
mixture film that are in the vicinity of the protection resin
film and in the vicinity of the substrate, facilitates the for-
mation of the first resin film inside the protection resin
film and of the substrate-side resin film onto the sub-
strate-side surface of the mixture film.

[0210] The invention of claim 152 is the method for
fabricating a liquid crystal display device of claim 151,
wherein said liquid crystal-prepolymer mixture film fur-
ther contains one of a polymerization initiator and a sen-
sitizer; in said protection resin film formation step, the
first wavelength is within an absorption band region in
absorption curves of said photosensitive prepolymer,
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and said irradiation of said liquid crystal-prepolymer
mixture film with said light having the first wavelength is
performed in a reciprocity law failure condition; the sec-
ond wavelength is longer than an absorption band peak
wavelength in absorption curves of one of said polymer-
ization initiator and said sensitizer, and said irradiation
of said liquid crystal-prepolymer mixture film with said
light having the second wavelength is performed in a
reciprocity law condition; and in said first resin film for-
mation step and said second resin film formation step,
the third wavelength is between a longest wavelength in
the absorption band region in absorption curves of said
photosensitive prepolymer and the absorption band
peak wavelength in the absorption curves of one of said
polymerization initiator and said sensitizer, and said
irradiation of said liquid crystal-prepolymer mixture film
with said light having the third wavelength is performed
in the reciprocity law failure condition.

[0211] The light having the first wavelength, which
hardly passes through the mixture film and is substan-
tially absorbed in and around the surface of the mixture
film, facilitates the selective formation of the protection
resin film onto the surface of the mixture film by curing
the photosensitive polymer in the reciprocity law failure
condition. The light having the second wavelength,
which is easy to reach the vicinity of the substrate in the
mixture film, facilitates the secure and efficient forma-
tion of the supporting member between the first resin
film and the substrate-side resin film in the reciprocity
law condition. The light having the third wavelength,
which passes through the already formed protection
resin film and the light-transmitting substrate relatively
easily but is easily absorbed in the portions of the mix-
ture film that are in the vicinity of the protection resin film
and in the vicinity of the substrate, facilitates the forma-
tion of the first resin film inside the protection resin film
and of the substrate-side resin film onto the substrate-
side surface of the mixture film by extracting the photo-
sensitive polymer in the reciprocity law failure condition.
[0212] The invention of claims 153 and 154 is the
method for fabricating a liquid crystal display device of
claim 146, wherein said liquid crystal is nematic liquid
crystal, and more specifically, tolane system nematic
liquid crystal.

[0213] The use of this type of liquid crystal facili-
tates the dissociation of the photosensitive prepolymer
and the liquid crystal from each other by irradiating the
mixture film with the light, so that the photosensitive pre-
polymer can be easily polarization hardened to form the
counter resin film and the substrate-side resin film. In
addition, it becomes possible to fabricate a liquid crystal
device performing stable operations with the use of the
fairly available liquid crystal.

[0214] The invention of claims 155 and 156 is the
method for fabricating a liquid crystal display device of
claim 152, wherein one of said polymerization initiator
and said sensitizer is a benzoyl system compound, and
more specifically, 2,2 dimethoxy- 1 ,2-diphenylethane- 1
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-one.

[0215] The presence of these materials increases
the efficiency of the curing of the photosensitive prepol-
ymer, so that the hardening rate of the photosensitive
prepolymer can be increased to further simplify the fab-
rication process.

[0216] The invention of claim 157 is the method for
fabricating a liquid crystal display device of claim 152,
wherein said photosensitive prepolymer contains a pol-
yester acrylate system material; said liquid crystal con-
tains tolane system nematic liquid crystal; said liquid
crystal-prepolymer mixture film further contains 2,2-
dimethoxy-1,2-diphenylethane -1-one; said light having
the first wavelength is far-ultraviolet light, the first wave-
length being 254 nm; said light having the second wave-
length is ultraviolet light, the second wavelength being
365 nm; and said light having the third wavelength is
ultraviolet light, the third wavelength being 313 nm.
[0217] The light having the first wavelength, which
hardly passes through the mixture film and is substan-
tially absorbed in and around the surface of the mixture
film, facilitates the selective formation of the protection
resin film onto the surface of the mixture film by curing
the photosensitive polymer in the reciprocity law failure
condition. The light having the second wavelength,
which is easy to reach the vicinity of the substrate in the
mixture film, facilitates the secure and efficient forma-
tion of the supporting member between the first resin
film and the substrate-side resin film in the reciprocity
law condition. The light having the third wavelength,
which passes through the already formed protection
resin film and the light-transmitting substrate relatively
easily but is easily absorbed in the portions of the mix-
ture film that are in the vicinity of the protection resin film
and in the vicinity of the substrate, facilitates the forma-
tion of the first resin film inside the protection resin film
and of the substrate-side resin film onto the substrate-
side surface of the mixture film by extracting the photo-
sensitive polymer in the reciprocity law failure condition.
[0218] The invention of claim 158 is the method for
fabricating a liquid crystal display device of claim 145
further comprising the step of forming a counter elec-
trode onto a side of said counter resin film that is oppo-
site said liquid crystal layer.

[0219] The provision of the counter electrode real-
izes a lightweight slim liquid crystal display device hav-
ing the TN structure or the homeotropic structure.
[0220] The invention of claim 159 is the method for
fabricating a liquid crystal display device of claim 158,
wherein in said counter electrode formation step, said
counter electrode is provided by forming a transparent
conductive film onto the side of said counter resin film
that is opposite said liquid crystal layer, and said
method further comprising the step of forming a color fil-
ter onto one of said counter resin film and said counter
electrode either before or after said counter electrode
formation step.

[0221] This feature realizes a lightweight, slim and
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color liquid crystal display device of transmission type
having the TN structure or the homeotropic structure.

[0222] The invention of claim 160 is the method for
fabricating a liquid crystal display device of claim 158,
wherein in said counter electrode formation step, said
counter electrode is provided by forming a light-reflect-
ing film onto the side of said counter resin film that is
opposite said liquid crystal layer, and said method fur-
ther comprising the step of forming a color filter onto
said counter resin film before said counter electrode for-
mation step.

[0223] This feature realizes a lightweight, slim and
color liquid crystal display device of reflection type hav-
ing the TN structure or the homeotropic structure.
[0224] The invention of claims 161 through 163 is
the method for fabricating a liquid crystal display device
of claims 145 through 147 further comprising the step of
forming a common electrode onto said substrate.
[0225] The provision of the common electrode real-
izes a lightweight, slim IPS liquid crystal display device.
[0226] The invention of claims 164 through 166 is
the method for fabricating a liquid crystal display device
of claims 161 through 163 wherein in at least one of said
first resin film formation step and said substrate-side
resin film formation step, said irradiation of said light
having the third wavelength is performed through a
polarizer.

[0227] In this structure, the liquid crystal molecules
in the liquid crystal layer are aligned in a predetermined
direction when there is no application of electricity. As a
result, the direction to align the liquid crystal molecules
in the liquid crystal layer can be easily controlled by the
application of electric field or the like, which realizes a
lightweight, slim IPS liquid crystal display device having
excellent display characteristics.

[0228] The invention of claim 167 is the method for
fabricating a liquid crystal display device of claim 161
further comprising the step of forming a color filter onto
said counter resin film.

[0229] The provision of the color filter realizes an
IPS liquid crystal display device which is lightweight,
slim and color.

[0230] The invention of claim 168 is the method for
fabricating a liquid crystal display device of claim 167
further comprising the step of forming a transparent
electrode onto one of said counter resin film and said
color filter either before or after said color filter formation
step.

[0231] The provision of the electrode realizes an
IPS liquid crystal display device which is excellent in
alignment stability in addition to being lightweight, slim
and color because the alignment of the liquid crystal
molecules is hardly affected by static electricity even if
the counter resin film is thin.

[0232] The invention of claim 169 is the method for
fabricating a liquid crystal display device of claim 167
further comprising the step of forming a conductive
light-reflecting film onto said color filter.
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[0233] This feature realizes a lightweight, slim and
color liquid crystal display device of reflection type.

[0234] The invention of claim 170 is a liquid crystal
display device comprising: a substrate-side resin film
made from a photosensitive prepolymer which has been
polymerized, said substrate-side resin film being formed
on a surface of a substrate having one of a pixel signal
electrode and a scan electrode thereon; a counter resin
film made from said photosensitive prepolymer which
has been polymerized, said counter resin film having an
other one of the pixel signal electrode and the scan
electrode thereon, and being arranged to face said sub-
strate-side resin film; and a liquid crystal layer sand-
wiched between said substrate-side resin film and said
counter resin film, said substrate-side resin film, said
counter resin film and said liquid crystal layer being
formed integrally.

[0235] The liquid crystal sandwiched between the
counter resin film and the substrate-side resin film
formed on the single substrate makes the device lighter
in weight than a liquid crystal display device in which the
liquid crystal is sandwiched between a pair of sub-
strates.

[0236] The substrate-side resin film, the counter
resin film and the liquid crystal layer, which are integrally
formed to compose the liquid crystal display device, are
in absolute contact with each other to prevent the entry
of foreign particles such as dusts between adjacent
components. This eliminates wasted space between
the substrate-side resin film and the liquid crystal layer
and between the liquid crystal layer and the counter
resin film, allowing the device to have the thinnest pos-
sible thickness, thereby to achieve a lightweight slim lig-
uid crystal display device.

[0237] The invention of claim 171 is the liquid crys-
tal display device of claim 170 further comprising a color
filter formed onto the other one of the pixel signal elec-
trode and the scan electrode either on said counter
resin film side or on an other side thereof.

[0238] The provision of the color filter realizes a
lightweight, slim and color liquid crystal display device
of simple-matrix type.

(3) The Third Invention Group

[0239] The invention of claim 172 is a resin/liquid
crystal composite comprising: a first resin film, a second
resin film facing the first resin film; and a liquid crystal
layer containing a dichroic dye, said liquid crystal layer
being sandwiched between the first resin film and the
second resin film, the first resin film, the second resin
film and said liquid crystal layer being formed integrally.
[0240] The first resin film, the second resin film and
the liquid crystal layer, which are integrally formed to
compose the resin/liquid crystal composite, are in abso-
lute contact with each other to prevent the entry of for-
eign particles such as dusts between adjacent
components. This eliminates wasted space inside the
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resin/liquid crystal composite, allowing the composite to
have the thinnest possible thickness.

[0241] The resin/liquid crystal composite can be
used in a wide range such as for light-control windows
or lightproof shutters which make curtains or blinds
unnecessary. To be more specific, the application of the
resin/liquid crystal composite to a transparent glass
window having a previously formed transparent elec-
trode realizes a light-control window in which electric
field is applied on the liquid crystal layer containing a
dichroic dye via the electrode so as to control the light
transmittance of the resin/liquid crystal composite.
Since the first and second resin films can be made thin,
the alignment of the liquid crystal can be controlled at a
low voltage.

[0242] The invention of claim 173 is the resin/liquid
crystal composite of claim 172, wherein at least one of
the first resin film and the second resin film has an align-
ment function for aligning liquid crystal molecules a pre-
determined direction in said liquid crystal layer
containing said dichroic dye.

[0243] In this structure, the liquid crystal molecules
in the liquid crystal layer are aligned in a predetermined
direction when no electric field is applied, and the dich-
roic dye contained in the liquid crystal layer is aligned
parallel to the liquid crystal molecules. Therefore, by
applying electric field or using another method, the
direction of the dichroic dye against incident light can be
easily controlled in accordance with the alignment of the
liquid crystal molecules in the liquid crystal layer so as
to further improve the contrast.

[0244] The invention of claims 174 and 175 is the
resin/liquid crystal composite of claims 172 and 173,
wherein the first resin film and the second resin film are
made of a same resin formed by photo-curing a photo-
sensitive prepolymer with irradiation of light.

[0245] In this structure, the first and second resin
films are both made from a cured photosensitive prepol-
ymer. Such an integral unit made from the same mate-
rial has no distortion inside or inconsistency of the
components, so that the resin/liquid crystal composite
has excellent ruggedness.

[0246] The invention of claims 176 and 177 is the
resin/liquid crystal composite of claims 174 and 175 fur-
ther comprising a supporting member for supporting the
first resin film and the second resin film with a fixed
space therebetween, said supporting member being
formed integrally with the first resin film and the second
resin film.

[0247] In this structure, the supporting member
supporting the space between the first and second resin
films is formed integrally with these films, so that the
space can be kept securely in a stable manner. The
supporting member also functions to reinforce the struc-
ture of the resin/liquid crystal composite integrally with
the first and second resin films.

[0248] Furthermore, the first and second resin films
and the supporting member are formed integrally with-
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out seam, so that the liquid crystal layer can have the
thinnest possible thickness, thereby realizing a resin/lig-
uid crystal composite which is lighter in weight and
more compact and rugged. The application of the
resin/liquid crystal composite to a liquid crystal display
device makes the device have a stable display and be
lighter in weight and more compact.

[0249] The invention of claim 178 is the resin/liquid
crystal composite of claim 172, wherein said resin com-
posing the first resin film and the second resin film is a
polyester acrylate system material.

[0250] The use of the polyester acrylate system
resin having excellent transparency provides the
resin/liquid crystal composite with excellent transpar-
ency against light in a visible region.

[0251] The invention of claims 179 and 180 is the
resin/liquid crystal composite of claim 172, wherein said
liquid crystal layer contains nematic liquid crystal, and
more specifically, tolane system nematic liquid crystal.
[0252] The use of this type of liquid crystal, which is
fairly available, realizes a resin/liquid crystal composite
at low cost.

[0253] The invention of claim 181 is a method for
fabricating a resin/liquid crystal composite integrally
composed of a first resin film; a second resin film facing
the first resin film; and a liquid crystal layer which con-
tains a dichroic dye and is sandwiched between the first
resin film and the second resin film, said method com-
prising the steps of: forming a liquid crystal-prepolymer
mixture film containing a photosensitive prepolymer,
said dichroic dye and liquid crystal onto a surface of a
light-transmitting substrate; forming the first resin film
onto a surface of said liquid crystal-prepolymer mixture
film by irradiating the surface of said liquid crystal-pre-
polymer mixture film with first light having a wavelength
and intensity capable of selectively curing only the sur-
face of said liquid crystal-prepolymer mixture film, and
by extracting said dichroic dye and said liquid crystal
existing in the surface of said liquid crystal-prepolymer
mixture film to said substrate side; and forming the sec-
ond resin film onto a substrate-side surface of said lig-
uid crystal-prepolymer mixture film so as to face the first
resin film by curing said photosensitive prepolymer
remaining in said liquid crystal-prepolymer mixture film
with irradiation of second light from a rear side of said
substrate, and by arranging dissociated dichroic dye
and liquid crystal between the first resin film and the
second resin film.

[0254] The first and second resin films are formed
by the curing of the photosensitive prepolymer con-
tained in the mixture film, while the liquid crystal layer is
made from the liquid crystal and the dichroic dye
remaining in the mixture film. This eliminates the need
for the time-consuming liquid crystal filling process,
thereby to simplify the fabrication process and to reduce
the fabrication cost. Furthermore, the absence of the
liquid crystal filling process realizes the quick formation
of a liquid crystal layer even when the resin/liquid crystal
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composite has a large area.

[0255] The first resin film, the second resin film and
the liquid crystal layer, which are integrally formed to
compose the resin/liquid crystal composite, are in abso-
lute contact with each other to prevent the entry of for-
eign particles such as dusts between adjacent
components. This eliminates wasted space inside the
resin/liquid crystal composite, allowing the composite to
have the thinnest possible thickness, thereby realizing a
resin/liquid crystal composite which is lighter in weight
and more slim.

[0256] The invention of claim 182 is a method for
fabricating a resin/liquid crystal composite integrally
composed of a first resin film; a second resin film facing
the first resin film; and a liquid crystal layer which con-
tains a dichroic dye and is sandwiched between the first
resin film and the second resin film, said method com-
prising the steps of: forming a liquid crystal-prepolymer
mixture film containing a photosensitive prepolymer,
said dichroic dye and liquid crystal onto a surface of a
light-transmitting substrate; forming a protection resin
film onto a surface of said liquid crystal-prepolymer mix-
ture film by irradiating the surface of said liquid crystal-
prepolymer mixture film with light having a first wave-
length not passing through said liquid crystal-prepoly-
mer mixture film substantially to cure the photosensitive
prepolymer existing in and around the surface of said
liquid crystal-prepolymer mixture film selectively, and by
extracting said dichroic dye and said liquid crystal exist-
ing in and around the surface of said liquid crystal-pre-
polymer mixture film to said substrate side; forming the
second resin film onto a substrate-side surface of said
liquid crystal-prepolymer mixture film by selectively
photo-curing said photosensitive prepolymer existing in
and around the substrate-side surface of said liquid
crystal-prepolymer mixture film by irradiating said liquid
crystal-prepolymer mixture film with light having a third
wavelength from a rear side of said substrate, and by
extracting said dichroic dye and said liquid crystal exist-
ing in and around the substrate-side surface of said lig-
uid crystal-prepolymer mixture film to said protective
resin side; and forming the first resin film inside said
protection resin film to be integrated therewith by photo-
curing said photosensitive prepolymer remaining in said
liquid crystal-prepolymer mixture film by irradiating said
liquid crystal-prepolymer mixture film with said light hav-
ing the third wavelength from said protection resin film
side through said protection resin film, so as to sand-
wich dissociated dichroic dye and liquid crystal between
the first resin film and the second resin film.

[0257] The first and second resin films are formed
by the curing of the photosensitive prepolymer con-
tained in the mixture film, while the liquid crystal layer is
made from the liquid crystal and the dichroic dye
remaining in the mixture film. This eliminates the need
for the time-consuming liquid crystal filling process,
thereby to simplify the fabrication process and to reduce
the fabrication cost. In addition, the mixture film can be
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protected between the substrate and the protection
resin film formed on the film. The protection resin film
prevents the surface of the mixture film from having
asperities or becoming wavy due to contact during the
fabrication process, which make it possible that the
photo mask or the polarizer can be laid on the surface of
the protection resin film to be irradiated by the light.

[0258] The invention of claim 183 is a method for
fabricating a resin/liquid crystal composite integrally
composed of a first resin film; a second resin film facing
the first resin film; a liquid crystal layer which contains a
dichroic dye and is sandwiched between the first resin
film and the second resin film; and a supporting mem-
ber supporting the first resin film and the second resin
film with a predetermined space therebetween, said
method comprising the steps of: forming a liquid crystal-
prepolymer mixture film containing at least a photosen-
sitive prepolymer, said dichroic dye and liquid crystal
onto a surface of a light-transmitting substrate; forming
a protection resin film onto a surface of said liquid crys-
tal-prepolymer mixture film by irradiating the surface of
said liquid crystal-prepolymer mixture film with light hav-
ing a first wavelength not passing through said liquid
crystal-prepolymer mixture film substantially to photo-
cure the photosensitive prepolymer existing in and
around the surface of said liquid crystal-prepolymer
mixture film selectively by extracting said dichroic dye
and said liquid crystal existing in and around the surface
of said liquid crystal-prepolymer mixture film to said
substrate side; forming said supporting member made
from said photosensitive prepolymer which has been
photo-cured in a desired form by putting a mask in a
desired pattern onto said protection resin film and by
irradiating said liquid crystal-prepolymer mixture film
with light having a second wavelength through said
mask; forming the second resin film onto a substrate-
side surface of said liquid crystal-prepolymer mixture
film by selectively photo-curing said photosensitive pre-
polymer existing in the substrate-side surface of said lig-
uid crystal-prepolymer mixture film by irradiating said
liquid crystal-prepolymer mixture film with light having a
third wavelength from a rear side of said substrate
through said substrate and a polarizer, and by extracting
said dichroic dye and said liquid crystal existing in the
substrate-side surface to said protection resin film side;
and forming the first resin film inside said protection
resin film to be integrated therewith by photo-curing said
photosensitive prepolymer remaining in said liquid crys-
tal-prepolymer mixture film by irradiating said liquid
crystal-prepolymer mixture film with said light having the
third wavelength through said protection resin film and a
polarizer laid thereon, and by forming dissociated dich-
roic dye and liquid crystal between the first resin film
and the second resin film.

[0259] The first and second resin films are formed
by the curing of the photosensitive prepolymer con-
tained in the mixture film, while the liquid crystal layer is
made from the liquid crystal and the dichroic dye
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remaining in the mixture film. This eliminates the need
for the time-consuming liquid crystal filling process,
thereby to simplify the fabrication process and to reduce
the fabrication cost. In addition, the supporting member
can be made from the photosensitive prepolymer con-
tained in the mixture film to simplify the fabrication proc-
ess. Furthermore, the supporting member formed
integrally with these films keeps the space between
these films securely in a stable manner, and also func-
tions to reinforce the structure of the resin/liquid crystal
composite. As a result, the obtained resin/liquid crystal
composite becomes lighter in weight, more compact
and rugged.

[0260] In the first resin film formation process and
the supporting member formation process, the surface
of the mixture film can be protected by the protection
resin film formed thereon, which make it possible that
the photo mask or the polarizer can be laid directly on
the protection resin film to be irradiated by the light.
[0261] The invention of claim 184 is the method for
fabricating a resin/liquid crystal composite of claim 182,
wherein the first wavelength is within an absorption
band region in absorption curves of said photosensitive
prepolymer; and said light having the third wavelength
has smaller absorbance of said photosensitive prepoly-
mer than said light having the first wavelength.

[0262] The light having the first wavelength, which
hardly passes through the mixture film and is almost
entirely absorbed in and around the surface of the mix-
ture film facilitates the formation of the protection resin
film onto the surface of the mixture film. The light having
the third wavelength, which passes through the already
formed protection resin film and the light-transmitting
substrate relatively easily but is easily absorbed in the
portions of the mixture film that are in the vicinity of the
protection resin film and in the vicinity of the substrate,
facilitates the formation of the first resin film inside the
protection resin film, and of the second resin film onto
the substrate-side surface of the mixture film.

[0263] The invention of claim 185 is the method for
fabricating a resin/liquid crystal composite of claim 184,
wherein said irradiation of said light having the first
wavelength and said light having the third wavelength is
performed in a reciprocity law failure condition.

[0264] The irradiation of the light having the first
wavelength in the reciprocity law failure condition pro-
motes the curing of the photosensitive prepolymer on
and around the surface of the mixture film to facilitate
the selective formation of the protection resin film onto
the surface of the mixture film. The irradiation of the light
having the third wavelength in the reciprocity law failure
condition promotes the curing of the photosensitive pre-
polymer in the portion of the mixture film that is in the
vicinity of the protection resin film to form the first resin
film there, and also promotes the curing of the photo-
sensitive prepolymer in the portion of the mixture film
that is in the vicinity of the substrate to form the second
resin film there.
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[0265] The invention of claim 186 is the method for
fabricating a resin/liquid crystal composite of claim 185,
wherein said photosensitive prepolymer contains a pol-
yester acrylate system compound; and said light having
the first wavelength is far-ultraviolet light, the first wave-
length being 254 nm.

[0266] The irradiated light can be substantially
absorbed in and around the surface of the mixture film
to cure the photosensitive prepolymer, which further
facilitates the selective formation of the protection resin
film on the surface of the mixture film, and the control of
the thickness of the protection resin film with very high
precision.

[0267] The invention of claim 187 is the method for
fabricating a resin/liquid crystal composite of claim 183,
wherein the first wavelength is within an absorption
band region in absorption curves of said photosensitive
prepolymer; said light having the second wavelength
has smaller absorbance of said photosensitive prepoly-
mer than said light having the first wavelength; and said
light having the third wavelength has smaller absorb-
ance of said photosensitive prepolymer than said light
having the first wavelength and larger absorbance than
said light having the second wavelength.

[0268] The light having the first wavelength, which
hardly passes through the mixture film and is almost
entirely absorbed in and around the surface of the mix-
ture film, facilitates the selective formation of the protec-
tion resin film onto the surface of the mixture film. The
light having the second wavelength, which is easy to
reach the vicinity of the substrate in the mixture film,
facilitates the secure formation of the supporting mem-
ber between the first resin film and the second resin
film. The light having the third wavelength, which
passes through the already formed protection resin film
and the light-transmitting substrate relatively easily but
is likely to be absorbed in the portions of the mixture film
that are in the vicinity of the protection resin film and in
the vicinity of the substrate side, facilitates the formation
of the first resin film inside the protection resin film and
of the second resin film onto the substrate-side surface
of the mixture film.

[0269] The invention of claim 188 is the method for
fabricating a resin/liquid crystal composite of claim 187,
wherein said liquid crystal-prepolymer mixture film fur-
ther contains one of a polymerization initiator and a sen-
sitizer; in said protection resin film formation step, the
first wavelength is within an absorption band region in
absorption curves of said photosensitive prepolymer,
and said irradiation of said liquid crystal-prepolymer
mixture film with said light having the first wavelength is
performed in a reciprocity law failure condition; the sec-
ond wavelength is longer than an absorption band peak
wavelength in absorption curves of one of said polymer-
ization initiator and said sensitizer, and said irradiation
of said liquid crystal-prepolymer mixture film with said
light having the second wavelength is performed in a
reciprocity law condition; and in said first resin film for-
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mation step and said second resin film formation step,
the third wavelength is between a longest wavelength in
the absorption band region in absorption curves of said
photosensitive prepolymer and the absorption band
peak wavelength in the absorption curves of one of said
polymerization initiator and said sensitizer, and said
irradiation of said liquid crystal-prepolymer mixture film
with said light having the third wavelength is performed
in the reciprocity law failure condition.

[0270] The light having the first wavelength, which
hardly passes through the mixture film and is substan-
tially absorbed in and around the surface of the mixture
film, facilitates the selective formation of the protection
resin film onto the surface of the mixture film by curing
the photosensitive polymer in the reciprocity law failure
condition. The light having the second wavelength,
which is easy to reach the vicinity of the substrate in the
mixture film, facilitates the secure and efficient forma-
tion of the supporting member between the first resin
film and the second resin film in the reciprocity law con-
dition. The light having the third wavelength, which
passes through the already formed protection resin film
and the light-transmitting substrate relatively easily but
is easily absorbed in the portions of the mixture film that
are in the vicinity of the protection resin film and in the
vicinity of the substrate, facilitates the formation of the
first resin film inside the protection resin film and of the
second resin film onto the substrate-side surface of the
mixture film by extracting the photosensitive polymer in
the reciprocity law failure condition.

[0271] The invention of claims 189 and 190 is the
method for fabricating a resin/liquid crystal composite of
claim 182, wherein said liquid crystal layer contains
nematic liquid crystal, and more specifically, tolane sys-
tem nematic liquid crystal.

[0272] The use of this type of liquid crystal facili-
tates the dissociation of the photosensitive prepolymer
and the liquid crystal containing the dichroic dye from
each other by irradiating the mixture film with the light,
so that the photosensitive prepolymer can be easily
cured to form the first and second resin films.

[0273] The invention of claims 191 and 192 is the
method for fabricating a resin/liquid crystal composite of
claim 188, wherein one of said polymerization initiator
and said sensitizer is a benzoyl system compound, and
more specifically, 2,2-dimethoxy- 1,2-diphenylethane- 1
-one.

[0274] The presence of these materials increases
the efficiency of the curing of the photosensitive prepol-
ymer, so that the hardening rate of the photosensitive
prepolymer can be increased to further simplify the fab-
rication process.

[0275] The invention of claim 193 is the method for
fabricating a resin/liquid crystal composite of claim 188,
wherein said photosensitive prepolymer contains a pol-
yester acrylate system material; said liquid crystal layer
which contains said dichroic dye contains tolane system
nematic liquid crystal; said liquid crystal-prepolymer
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mixture film further contains 2,2-dimethoxy- 1, 2-diphe-
nylethane- 1-one; said light having the first wavelength
is far-ultraviolet light, the first wavelength being 254 nm;
said light having the second wavelength is ultraviolet
light, the second wavelength being 365 nm; and said
light having the third wavelength is ultraviolet light, the
third wavelength being 313 nm.

[0276] The light having the first wavelength, which
hardly passes through the mixture film and is substan-
tially absorbed in and around the surface of the mixture
film, facilitates the selective formation of the protection
resin film onto the surface of the mixture film by curing
the photosensitive polymer in the reciprocity law failure
condition. The light having the second wavelength,
which is easy to reach the vicinity of the substrate in the
mixture film, facilitates the secure and efficient forma-
tion of the supporting member between the first resin
film and the second resin film in the reciprocity law con-
dition. The light having the third wavelength, which
passes through the already formed protection resin film
and the light-transmitting substrate relatively easily but
is easily absorbed in the portions of the mixture film that
are in the vicinity of the protection resin film and in the
vicinity of the substrate, facilitates the formation of the
first resin film inside the protection resin film and of the
second resin film onto the substrate-side surface of the
mixture film by extracting the photosensitive polymer in
the reciprocity law failure condition.

[0277] The invention of claim 194 is a liquid crystal
display device comprising: a substrate-side resin film
made from a photosensitive prepolymer which has been
polymerized, said substrate-side resin film being formed
onto a surface of a substrate at least having a pixel elec-
trode and a switching element connected with the pixel
electrode; a counter resin film made from said photo-
sensitive prepolymer which has been polymerized, said
counter resin film being arranged to face said substrate-
side resin film; and a liquid crystal layer containing a
dichroic dye, said liquid crystal layer being sandwiched
between said substrate-side resin film and said counter
resin film, said substrate-side resin film, said counter
resin film and said liquid crystal layer being formed inte-
grally.

[0278] The liquid crystal which contains the dichroic
dye and is sandwiched between the substrate-side
resin film formed on the single substrate and the coun-
ter resin film makes the device lighter in weight than a
liquid crystal display device in which the liquid crystal
containing a dichroic dye is sandwiched between a pair
of substrates. The substrate-side resin film, the counter
resin film and the liquid crystal layer, which are integrally
formed to compose the liquid crystal display device, are
in absolute contact with each other to prevent the entry
of foreign particles such as dusts between adjacent
components. This eliminates wasted space between
the substrate-side resin film and the liquid crystal layer
and between the liquid crystal layer and the counter
resin film allowing the device to have the thinnest possi-
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ble thickness, thereby to achieve a lightweight, slim lig-
uid crystal display device with a bright display.

[0279] Making the substrate-side resin film and the
counter resin film thinner allows the alignment of the lig-
uid crystal to be controlled at a low voltage, and also
allows the liquid crystal display device to have wider
viewing angle properties.

[0280] The invention of claim 195 is the liquid crys-
tal display device of claim 194 further comprising a
counter electrode arranged on a side of said counter
resin film that is opposite said liquid crystal layer,
wherein said counter electrode, said substrate-side
resin film, said counter resin film and said liquid crystal
layer compose a display layer, and a plurality of display
layers having respective liquid crystal layers are formed,
said respective liquid crystal layers containing different
dichroic dyes from each other.

[0281] In this structure, the absence of the color fil-
ter realizes a bright display, making it easier to provide a
color liquid crystal display device. In addition, the liquid
crystal display device has wider viewing angle proper-
ties because it can be thinner than conventional
devices.

[0282] The invention of claim 196 is the liquid crys-
tal display device of claim 195, wherein said plurality of
display layers have a three-layered structure and said
dichroic dyes contained in said respective liquid crystal
layers are yellow, magenta and cyan.

[0283] In this structure, a color liquid crystal display
device can be easily realized.

[0284] The invention of claims 197 through 199 is
the liquid crystal display device of claims 194 through
196 further comprising a supporting member formed
between said substrate-side resin film and said counter
resin film in a manner to be integral therewith.

[0285] In this structure, the supporting member
supporting the space between the substrate-side resin
film and the counter resin film is formed integrally with
these films, so that the space can be kept securely in a
stable manner. The supporting member also functions
to reinforce the structure of the liquid crystal display
device integrally with the substrate-side resin film and
the counter resin film.

[0286] Furthermore, the substrate-side resin film,
the counter resin film and the supporting member are
formed integrally without seam, so that the liquid crystal
layer can have the thinnest possible thickness, thereby
realizing a liquid crystal display device which is lighter in
weight, more compact and has a stable display.

[0287] The invention of claim 200 is the liquid crys-
tal display device of claim 194, wherein said substrate-
side resin film and said counter resin film contain a pol-
yester acrylate system compound.

[0288] The use of the polyester acrylate system
resin having excellent transparency provides the liquid
crystal display device with excellent transparency
against light in a visible region and a bright display.
[0289] The invention of claims 201 and 202 is the
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liquid crystal display device of claim 194, wherein said
liquid crystal layer contains nematic liquid crystal, and
more specifically, tolane system nematic liquid crystal.

[0290] The use of this type of liquid crystal realizes
an inexpensive liquid crystal display device which per-
forms stable operations.

[0291] The invention of claims 203 through 205 is
the liquid crystal display device of claim 194, wherein at
least one of said counter resin film and said substrate-
side resin film is formed by photo-curing said photosen-
sitive prepolymer with irradiation of polarized light to
align molecules of said photosensitive prepolymer in a
direction.

[0292] In this structure, the liquid crystal molecules
in the liquid crystal layer are aligned in a predetermined
direction when no electric field is applied, and the dich-
roic dye contained in the liquid crystal layer is aligned
parallel to the liquid crystal molecules. Therefore, by
applying electric field or using another method, the
direction of the dichroic dye against incident light can be
easily controlled in accordance with the alignment of the
liquid crystal molecules in the liquid crystal layer so as
to further improve the contrast.

[0293] The invention of claim 206 is the liquid crys-
tal display device of claim 196, wherein of counter elec-
trodes included in said plurality of display layers, an
outermost counter electrode is made from a light-
reflecting material.

[0294] This feature realizes a lightweight, slim and
color liquid crystal display device of reflection type.
[0295] The invention of claim 207 is the liquid crys-
tal display device of claim 196, wherein said counter
electrode contained in each of said plurality of display
layers is made from a transparent conductive film.
[0296] This feature realizes a lightweight, slim and
color liquid crystal display device of transmission type.
[0297] The invention of claim 208 is a method for
fabricating a liquid crystal display device comprising: a
substrate-side resin film made from a photosensitive
prepolymer which has been polymerized, said sub-
strate-side resin film being formed on a surface of a
light-transmitting substrate having a pixel electrode and
a switching element connected with the pixel electrode;
a counter resin film made from said photosensitive pre-
polymer which has been polymerized, said counter
resin film being arranged to face said substrate-side
resin film; and a liquid crystal layer sandwiched
between said substrate-side resin film and said counter
resin film, said liquid crystal layer containing a dichroic
dye, said substrate-side resin film, said counter resin
film and said liquid crystal layer being formed integrally,
said method comprising the steps of: forming the pixel
electrode and the switching element connected with the
pixel electrode onto said light-transmitting substrate;
forming a liquid crystal-prepolymer mixture film consist-
ing of said photosensitive prepolymer, said dichroic dye
and liquid crystal onto a surface of said substrate having
the pixel electrode and the switching element; forming a
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counter resin film on a surface of said liquid crystal-pre-
polymer mixture film by irradiating the surface of said
liquid crystal-prepolymer mixture film with light having a
wavelength and intensity capable of selectively photo-
curing only the surface of said liquid crystal-prepolymer
mixture film, and by extracting said liquid crystal and
said dichroic dye existing in the surface of said liquid
crystal-prepolymer mixture film to said substrate side;
and forming the substrate-side resin film onto said liquid
crystal-prepolymer mixture film on said substrate side
so as to face said counter resin film by photo-curing said
photosensitive prepolymer remaining in said liquid crys-
tal-prepolymer mixture film with irradiation of light from a
rear side of said substrate, and by extracting dissoci-
ated liquid crystal and dichroic dye between said coun-
ter resin film and said substrate-side resin film.

[0298] The counter resin film and the substrate-side
resin film are formed by the curing of the photosensitive
prepolymer contained in the mixture film, while the liquid
crystal layer is made from the liquid crystal and the dich-
roic dye remaining in the mixture film. This eliminates
the need for the time-consuming liquid crystal filling
process, thereby to simplify the fabrication process and
to reduce the fabrication cost. Furthermore, the
absence of the liquid crystal filling process realizes the
quick formation of a liquid crystal layer even when the
liquid crystal display device has a large area.

[0299] In addition, the liquid crystal which contains
the dichroic dye and is sandwiched between the counter
resin film and the substrate-side resin film formed on the
single substrate makes the device lighter in weight than
a liquid crystal display device in which the liquid crystal
containing the dichroic dye is sandwiched between a
pair of substrates. The substrate-side resin film, the
counter resin film and the liquid crystal layer, which are
integrally formed to compose the liquid crystal display
device, are in absolute contact with each other to pre-
vent the entry of foreign particles such as dusts
between adjacent components. This eliminates wasted
space between the substrate-side resin film and the lig-
uid crystal layer and between the liquid crystal layer and
the counter resin film allowing the device to have the
thinnest possible thickness, thereby to achieve a light-
weight, slim liquid crystal display device with a bright
display.

[0300] The invention of claim 209 is a method for
fabricating a liquid crystal display device comprising: a
substrate-side resin film made from a photosensitive
prepolymer which has been photo-cured, said sub-
strate-side resin film being formed onto a surface of a
light-transmitting substrate having a pixel electrode and
a switching element connected with the pixel electrode
formed thereon; a counter resin film made from said
photosensitive prepolymer which has been photo-
cured, said counter resin film being arranged to face
said substrate-side resin film; and a liquid crystal layer
sandwiched between said substrate-side resin film and
said counter resin fun, said liquid crystal layer contain-
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ing a dichroic dye, said substrate-side resin film, said
counter resin film and said liquid crystal layer being
formed integrally, said method comprising the steps of:
forming the pixel electrode and the switching element
connected with the pixel electrode onto said light-trans-
mitting substrate; forming a liquid crystal-prepolymer
mixture film consisting of said photosensitive prepoly-
mer, said dichroic dye and liquid crystal onto a surface
of said substrate; forming a protection resin film onto a
surface of said liquid crystal-prepolymer mixture film by
irradiating the surface of said liquid crystal-prepolymer
mixture film with light having a first wavelength not pass-
ing through said liquid crystal-prepolymer mixture film
substantially to photo-cure said photosensitive prepoly-
mer existing in and around the surface of said liquid
crystal-prepolymer mixture film selectively, and by
extracting said dichroic dye and said liquid crystal exist-
ing in and around the surface of said liquid crystal-pre-
polymer mixture film to said substrate side; forming the
substrate-side resin film onto a substrate-side surface of
said liquid crystal-prepolymer mixture film by selectively
photo-curing said photosensitive prepolymer existing in
and around the substrate-side surface of said liquid
crystal-prepolymer mixture film by irradiating said liquid
crystal-prepolymer mixture film with light having a third
wavelength from a rear side of said substrate, and by
extracting said dichroic dye and said liquid crystal exist-
ing in and around the substrate-side surface of said lig-
uid crystal-prepolymer mixture film to said protection
resin film side; and forming the first resin film inside said
protection resin film to be integrated therewith by photo-
curing said photosensitive prepolymer remaining in said
liquid crystal-prepolymer mixture film by irradiating said
liquid crystal-prepolymer mixture film with said light hav-
ing the third wavelength from said protection resin film
side, and by forming dissociated dichroic dye and liquid
crystal between the first resin flm and the substrate-
side resin film.

[0301] The counter resin film and the substrate-side
resin film are formed by the curing of the photosensitive
prepolymer contained in the mixture film, while the liquid
crystal layer is made from the liquid crystal remaining in
the mixture film. This eliminates the need for the time-
consuming liquid crystal filling process, thereby to sim-
plify the fabrication process and to reduce the fabrica-
tion cost.

[0302] In addition, the mixture film can be protected
between the substrate and the protection resin film
formed on the film. The protection resin film prevents
the surface of the mixture film from having asperities or
becoming wavy due to contact during the fabrication
process, which make it possible that the photo mask or
the polarizer can be laid on the surface of the protection
resin film to be irradiated by the light.

[0303] The invention of claim 210 is a method for
fabricating a liquid crystal display device comprising: a
substrate-side resin film made from a photosensitive
prepolymer which has been photo-cured, said sub-
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strate-side resin film being formed onto a surface of a
light-transmitting substrate having a pixel electrode and
a switching element connected with the pixel electrode
formed thereon; a counter resin film made from said
photosensitive prepolymer which has been photo-
cured, said counter resin film being arranged to face
said substrate-side resin film; and a liquid crystal layer
sandwiched between said substrate-side resin film and
said counter resin film, said liquid crystal layer contain-
ing a dichroic dye, said substrate-side resin film, said
counter resin film and said liquid crystal layer being
formed integrally, said method comprising the steps of:
forming the pixel electrode and the switching element
connected with the pixel electrode onto said light-trans-
mitting substrate; forming a liquid crystal-prepolymer
mixture film consisting of said photosensitive prepoly-
mer, said dichroic dye and liquid crystal onto a surface
of said substrate; forming a protection resin film onto a
surface of said liquid crystal-prepolymer mixture film by
irradiating the surface of said liquid crystal-prepolymer
mixture film with light having a first wavelength not pass-
ing through said liquid crystal-prepolymer mixture film
substantially to photo-cure said photosensitive prepoly-
mer in and around the surface of said liquid crystal-pre-
polymer mixture film selectively, and by extracting said
dichroic dye and said liquid crystal existing in and
around the surface of said liquid crystal-prepolymer
mixture film to said substrate side; forming a supporting
member made from said photosensitive prepolymer
photo-cured in a desired form by putting a mask in a
desired pattern onto said protection resin film and by
forming said liquid crystal-prepolymer mixture film with
light having a second wavelength through said mask;
forming the substrate-side resin film onto a substrate-
side surface of said liquid crystal-prepolymer mixture
film by selectively photo-curing said photosensitive pre-
polymer existing in and around the substrate-side sur-
face of said liquid crystal-prepolymer mixture film by
irradiating said liquid crystal-prepolymer mixture film
with light having a third wavelength from a rear side of
said substrate through a polarizer, and by extracting
said dichroic dye and said liquid crystal existing in and
around the substrate-side surface of said liquid crystal-
prepolymer mixture film to said protection resin film
side; and forming the first resin film inside said protec-
tion resin film to be integrated therewith by photo-curing
said photosensitive prepolymer remaining in said liquid
crystal-prepolymer mixture film by irradiating said liquid
crystal-prepolymer mixture film with said light having the
third wavelength from said protection resin film side
through a polarizer laid on said protection resin film, fur-
ther forming said counter resin film from said protection
resin film and the first resin film by extracting dissoci-
ated dichroic dye and liquid crystal between the first
resin film and the substrate-side resin film.

[0304] The formation of the supporting member by
the photosensitive prepolymer in the mixture film simpli-
fies the fabrication process. In addition, the supporting
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member, which is formed integrally with the first and
second resin films, can keep the space between these
films securely in a stable manner, and also function to
reinforce the structure of the liquid crystal display
device. As a result, the obtained liquid crystal display
device can be further lighter in weight and more com-
pact and rugged.

[0305] The counter resin film and the substrate-side
resin film are formed by the curing of the photosensitive
prepolymer contained in the mixture film, while the liquid
crystal layer is made from the liquid crystal remaining in
the mixture film. This eliminates the need for the time-
consuming liquid crystal filling process, thereby to sim-
plify the fabrication process and to reduce the fabrica-
tion cost.

[0306] The supporting member is made from the
photosensitive prepolymer contained in the mixture film
to simplify the fabrication process. The supporting
member, which is formed integrally with the counter
resin film (protection resin film and first resin film) and
the substrate-side resin film (second resin film), secures
the space between these resin films in a stable manner,
and also functions to reinforce the structure of the liquid
crystal display device. As a result, the obtained liquid
crystal display device is lighter in weight, more compact
and rugged.

[0307] In the first resin film formation process and
the supporting member formation process, the surface
of the mixture film is protected by the protection resin
film, which make it possible that the photo mask or the
polarizer can be laid directly on the surface of the pro-
tection resin film to be irradiated by the light.

[0308] In the first resin film formation process and
the substrate-side resin film formation process, the irra-
diation of the light having the third wavelength through
the polarizer makes the molecules of the first and sub-
strate-side resin films be polymerized with directivity so
as to provide the molecules with the alignment function
for aligning the liquid crystal molecules in the predeter-
mined direction. This eliminates the need for the rub-
bing treatment, thereby simplifying the fabrication
process.

[0309] The invention of claim 211 is the method for
fabricating a liquid crystal display device of 209, wherein

the first wavelength is within an absorption band
region in absorption curves of said photosensitive
prepolymer; and

said light having the third wavelength has smaller
absorbance of said photosensitive prepolymer than
said light having the first wavelength.

[0310] The light having the first wavelength, which
hardly passes through the mixture film and is almost
entirely absorbed in and around the surface of the mix-
ture film, facilitates the formation of the protection resin
film onto the surface of the mixture film. The light having
the third wavelength, which passes through the already
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formed protection resin film and the light-transmitting
substrate relatively easily but is likely to be absorbed in
the portions of the mixture film that are in the vicinity of
the protection resin film and in the vicinity of the sub-
strate, facilitates the formation of the first resin film
inside the protection resin film and of the substrate-side
resin film onto the substrate-side surface of the mixture
film.

[0311] The invention of claim 212 is the method for
fabricating a liquid crystal display device of 211, wherein
said irradiation of said light having the first wavelength
and said light having the third wavelength is performed
in a reciprocity law failure condition.

[0312] The irradiation of the light having the first
wavelength in the reciprocity law failure condition pro-
motes the curing of the photosensitive prepolymer on
and around the surface of the mixture film to facilitate
the selective formation of the protection resin film onto
the surface of the mixture film.

[0313] The irradiation of the light having the third
wavelength in the reciprocity law failure condition pro-
motes the curing of the photosensitive prepolymer in the
portion of the mixture film that is in the vicinity of the pro-
tection resin film to form the first resin film there, and
also facilitates the curing of the photosensitive prepoly-
mer in the portion of the mixture film that is in the vicinity
of the substrate to form the substrate-side resin film
there.

[0314] The invention of claim 213 is the method for
fabricating a liquid crystal display device of 212, wherein
said photosensitive prepolymer contains a polyester
acrylate system compound; and said light having the
first wavelength is far-ultraviolet light, the first wave-
length being 254 nm.

[0315] The irradiated light can be substantially
absorbed in and around the surface of the mixture film
to cure the photosensitive prepolymer, which further
facilitates the selective formation of the protection resin
film on the surface of the mixture film, and the control of
the thickness of the protection resin film with very high
precision.

[0316] The invention of claim 214 is the method for
fabricating a liquid crystal display device of 210, wherein
the first wavelength is within an absorption band region
in absorption curves of said photosensitive prepolymer;
said light having the second wavelength has smaller
absorbance of said photosensitive prepolymer than said
light having the first wavelength; and said light having
the third wavelength has smaller absorbance of said
photosensitive prepolymer than said light having the
first wavelength and larger absorbance than said light
having the second wavelength.

[0317] The light having the first wavelength, which
hardly passes through the mixture film and is almost
entirely absorbed in and around the surface of the mix-
ture film, facilitates the selective formation of the protec-
tion resin film onto the surface of the mixture film. The
light having the second wavelength, which is easy to
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reach the vicinity of the substrate in the mixture film,
facilitates the secure formation of the supporting mem-
ber between the counter resin film and the substrate-
side resin film. The light having the third wavelength,
which passes through the already formed protection
resin film and the light-transmitting substrate relatively
easily but is likely to be absorbed in the portions of the
mixture film that are in the vicinity of the protection resin
film and in the vicinity of the substrate, facilitates the for-
mation of the first resin film inside the protection resin
film and of the substrate-side resin film onto the sub-
strate-side surface of the mixture film.

[0318] The invention of claim 215 is the method for
fabricating a liquid crystal display device of 214, wherein
said liquid crystal-prepolymer mixture film further con-
tains one of a polymerization initiator and a sensitizer; in
said protection resin film formation step, the first wave-
length is within an absorption band region in absorption
curves of said photosensitive prepolymer, and said irra-
diation of said liquid crystal-prepolymer mixture film with
said light having the first wavelength is performed in a
reciprocity law failure condition; the second wavelength
is longer than an absorption band peak wavelength in
absorption curves of one of said polymerization initiator
and said sensitizer, and said irradiation of said liquid
crystal-prepolymer mixture film with said light having the
second wavelength is performed in a reciprocity law
condition; and in said first resin film formation step and
said second resin film formation step, the third wave-
length is between a longest wavelength in the absorp-
tion band region in absorption curves of said
photosensitive prepolymer and the absorption band
peak wavelength in the absorption curves of one of said
polymerization initiator and said sensitizer, and said
irradiation of said liquid crystal-prepolymer mixture film
with said light having the third wavelength is performed
in the reciprocity law failure condition.

[0319] The light having the first wavelength, which
hardly passes through the mixture film and is substan-
tially absorbed in and around the surface of the mixture
film, facilitates the selective formation of the protection
resin film onto the surface of the mixture film by curing
the photosensitive polymer in the reciprocity law failure
condition. The light having the second wavelength,
which is easy to reach the vicinity of the substrate in the
mixture film, facilitates the secure and efficient forma-
tion of the supporting member between the first resin
film and the substrate-side resin film in the reciprocity
law condition. The light having the third wavelength,
which passes through the already formed protection
resin film and the light-transmitting substrate relatively
easily but is easily absorbed in the portions of the mix-
ture film that are in the vicinity of the protection resin film
and in the vicinity of the substrate, facilitates the forma-
tion of the first resin film inside the protection resin film
and of the substrate-side resin film onto the substrate-
side surface of the mixture film by extracting the photo-
sensitive polymer in the reciprocity law failure condition.
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[0320] The invention of claims 216 and 217 is the
method for fabricating a liquid crystal display device of
209, wherein said liquid crystal layer containing said
dichroic dye contains nematic liquid crystal, and more
specifically, tolane system nematic liquid crystal.

[0321] The liquid crystal of this type facilitates the
dissociation of the photosensitive prepolymer and the
liquid crystal containing the dichroic dye from each
other by irradiating the mixture film with the light, so that
the photosensitive prepolymer can be easily polariza-
tion hardened to form the counter resin film and the sub-
strate-side resin film. In addition, it becomes possible to
fabricate a liquid crystal device performing stable oper-
ations with the use of the fairly available liquid crystal.
[0322] The invention of claims 218 and 219 is the
method for fabricating a liquid crystal display device of
215, wherein one of said polymerization initiator and
said sensitizer is a benzoyl system compound, and
more specifically,

2,2-dimethoxy- 1,2-diphenylethane-1-one.

[0323] The presence of these materials increases
the efficiency of the curing of the photosensitive prepol-
ymer, so that the hardening rate of the photosensitive
prepolymer can be increased to further simplify the fab-
rication process.

[0324] The invention of claim 220 is the method for
fabricating a liquid crystal display device of 215, wherein
said photosensitive prepolymer contains a polyester
acrylate system material; said liquid crystal layer con-
taining said dichroic dye contains tolane system
nematic liquid crystal and one of an azo system dye, a
perylene system dye and an anthraquinone system dye;
said liquid crystal-prepolymer mixture film further con-
tains 2,2- dimethoxy- 1,2- diphenylethane- 1 -one; said
light having the first wavelength is far-ultraviolet light,
the first wavelength being 254 nm; said light having the
second wavelength is ultraviolet light, the second wave-
length being 365 nm; and said light having the third
wavelength is ultraviolet light, the third wavelength
being 313 nm.

[0325] The light having the first wavelength, which
hardly passes through the mixture film and is substan-
tially absorbed in and around the surface of the mixture
film, facilitates the selective formation of the protection
resin film onto the surface of the mixture film by curing
the photosensitive polymer in the reciprocity law failure
condition. The light having the second wavelength,
which is easy to reach the vicinity of the substrate in the
mixture film, facilitates the secure and efficient forma-
tion of the supporting member between the first resin
film and the substrate-side resin film in the reciprocity
law condition. The light having the third wavelength,
which passes through the already formed protection
resin film and the light-transmitting substrate relatively
easily but is easily absorbed in the portions of the mix-
ture film that are in the vicinity of the protection resin film
and in the vicinity of the substrate, facilitates the forma-
tion of the first resin film inside the protection resin film
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and of the substrate-side resin film onto the substrate-
side surface of the mixture film by extracting the photo-
sensitive polymer in the reciprocity law failure condition.

[0326] The invention of claim 221 is the method for
fabricating a liquid crystal display device of 208 further
comprising the step of forming a counter electrode onto
a side of said counter resin film that is opposite said lig-
uid crystal layer.

[0327] This feature realizes a lightweight slim liquid
crystal display device.

[0328] The invention of claim 222 is the method for
fabricating a liquid crystal display device of 221, wherein
in said counter electrode formation step, said counter
electrode is provided by forming a transparent conduc-
tive film onto the side of said counter resin film that is
opposite said liquid crystal layer containing said dichroic
dye.

[0329] This feature realizes a lightweight slim liquid
crystal display device of transmission type.

[0330] The invention of claim 223 is the method for
fabricating a liquid crystal display device of 221, wherein
in said counter electrode formation step, said counter
electrode is provided by forming a light-reflecting film
onto the side of said counter resin film that is opposite
said liquid crystal layer.

[0331] This feature realizes a lightweight slim liquid
crystal display device of reflection type.

[0332] The invention of claim 224 is a liquid crystal
display device comprising: a substrate-side resin film
made from a photosensitive prepolymer which has been
photo-cured, said substrate-side resin film being formed
on a surface of a substrate having one of a pixel signal
electrode and a scan electrode thereon; a counter resin
film made from said photosensitive prepolymer which
has been photo-cured, said counter resin film having an
other one of the pixel signal electrode and the scan
electrode thereon and being formed to face said sub-
strate-side resin film; and a liquid crystal layer sand-
wiched between said substrate-side resin film and said
counter resin film, said liquid crystal layer containing a
dichroic dye, said substrate-side resin film, said counter
resin film and said liquid crystal layer being formed inte-
grally.

[0333] The liquid crystal which contains the dichroic
dye and is sandwiched between the counter resin film
and the substrate-side resin film formed on the single
substrate makes the device lighter in weight than a lig-
uid crystal display device in which the liquid crystal con-
taining a dichroic dye is sandwiched between a pair of
substrates. As a result, a liquid crystal display device of
simple-matrix type suitable for portable appliances can
be obtained. The substrate-side resin film, the counter
resin film and the liquid crystal layer, which are integrally
formed to compose the liquid crystal display device, are
in absolute contact with each other to prevent the entry
of foreign particles such as dusts between adjacent
components. This eliminates wasted space between
the substrate-side resin film and the liquid crystal layer
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and between the liquid crystal layer and the counter
resin film allowing the device to have the thinnest possi-
ble thickness, thereby to achieve a lightweight slim lig-
uid crystal display device with a bright display.

BRIEF DESCRIPTION OF THE DRAWINGS
[0334]

Figure 1 shows a vertical cross sectional view of the
transmission TN liquid crystal display device of
Embodiment 1-1 of the first invention group.
Figures 2 (a)-2 (d) show fabrication processes of
the liquid crystal display device of Embodiment 1-1:
Figure 2 (a) shows the process of forming the TFTs
and the pixel electrodes on the substrate, Figure 2
(b) shows the process of forming the alignment film
on the substrate, Figure 2 (c) shows the process of
applying the liquid crystal-prepolymer mixture solu-
tion on the surface of the substrate and Figure 2 (d)
shows the process of forming the protection resin
film by irradiating the first light.

Figures 3 (e)-3 (g) show fabrication processes of
the liquid crystal display device of Embodiment 1-1:
Figure 3 (e) shows the process of forming the sup-
porting member by irradiating the second light, Fig-
ure 3 (f) shows the process of forming the inner-
side resin film by irradiating the third light and Fig-
ure 3 (g) shows the process of forming the counter
electrode and the color filter.

Figure 4 is a graph showing the visible and ultravio-
let spectral absorption characteristics of the liquid
crystal-prepolymer mixture solution of Embodiment
1-1.

Figure 5 shows a vertical cross sectional view of the
reflective TN liquid crystal display device of Embod-
iment 1-2.

Figure 6 shows a vertical cross sectional view of the
transmission IPS liquid crystal display device of
Embodiment 1-3.

Figure 7 shows a vertical cross sectional view of the
reflective IPS liquid crystal display device of
Embodiment 1-4.

Figure 8 shows a vertical cross sectional view of the
liquid crystal device of Embodiment 1-5.

Figure 9 shows a vertical cross sectional view of the
transmission TN liquid crystal display device of
Embodiment 2-1 of the second invention group.
Figures 10 (a)-10 (c) show fabrication processes of
the liquid crystal display device of Embodiment 2-1:
Figure 10 (a) shows the process of forming the
TFTs and the pixel electrodes on the substrate, Fig-
ure 10 (b) shows the process of applying the liquid
crystal-prepolymer mixture solution onto the sur-
face of the substrate and Figure 10 (c) shows the
process of forming the protection resin film by irra-
diating the first light.

Figures 11 (d) and 11(e) show fabrication proc-
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esses of the liquid crystal display device of Embod-
iment 2-1: Figure 11 (d) shows the process of
putting the photo mask onto the protection resin film
and Figure 11 (e) shows the process of forming the
supporting member by irradiating the second light.
Figures 12 (f) and 12 (g) show fabrication proc-
esses of the liquid crystal display device of Embod-
iment 2-1: Figure 12 (f) shows the process of
forming the substrate-side resin film by irradiating
the third light and Figure 12 (g) shows the process
of forming the first resin film inside the protection
resin film by irradiating the third light.

Figure 13 (h) shows the fabrication process of form-
ing the counter electrode and the color filter.

Figure 14 is a graph showing the visible and ultravi-
olet spectral absorption characteristics of the liquid
crystal-prepolymer mixture solution of Embodiment
2-1.

Figure 15 shows a vertical cross sectional view of
the reflective TN liquid crystal display device of
Embodiment 2-2.

Figure 16 shows a vertical cross sectional view of
the transmission IPS liquid crystal display device of
Embodiment 2-3.

Figure 17 shows a vertical cross sectional view of
the reflective IPS liquid crystal display device of
Embodiment 2-4.

Figure 18 shows a vertical cross sectional view of
the blind glass of Embodiment 2-5.

Figure 19 shows a vertical cross sectional view of
the transmission liquid crystal display device of
Embodiment 3-1 of the third invention group.
Figures 20 (a)-20 (c) show fabrication processes of
the liquid crystal display device of Embodiment 3-1:
Figure 20 (a) shows the process of forming the
TFTs and the pixel electrodes onto the substrate,
Figure 20 (b) shows the process of applying the lig-
uid crystal-prepolymer mixture solution onto the
surface of the substrate and Figure 20 (c) shows
the process of forming the protection resin film by
irradiating the first light.

Figures 21 (d)-21 (e) show fabrication processes of
the liquid crystal display device of Embodiment 3-1:
Figure 21 (d) shows the process of putting the
photo mask onto the protection resin film and Fig-
ure 21 (e) shows the process of forming the sup-
porting member by irradiating the second light.
Figures 22 (f) and 22 (g) show fabrication proc-
esses of the liquid crystal display device of Embod-
iment 3-1: Figure 22 (f) shows the process of
forming the substrate-side resin film by irradiating
the third light and Figure 22 (g) shows the process
of forming the first resin film inside the protection
resin film by irradiating the third light.

Figures 23 (h) and 23 (i) show fabrication proc-
esses of the liquid crystal display device of Embod-
iment 3-1: Figure 23 (h) shows the process of
forming the counter electrode and Figure 23 (i)
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shows the process of realizing the three-layered
structure by performing the processes from Figure
23 (a) to Figure 23 (h) twice.

Figure 24 is a graph showing the visible and ultravi-
olet spectral absorption characteristics of the liquid
crystal-prepolymer mixture solution of Embodiment
3-1.

Figure 25 shows a vertical cross sectional view of
the reflective liquid crystal display device of Embod-
iment 3-2.

Figure 26 shows a vertical cross sectional view of
the blind glass of Embodiment 3-3.

BEST MODE FOR CARRYING OUT THE INVENTION
(1) Embodiments of the first invention group

[0335] The first invention group of the present
invention will be described as follows based on the
drawings.

[EMBODIMENT 1-1]

[0336] As Embodiment 1-1 of the present invention,
a transmission TN liquid crystal display device driven by
TFTs will be described as follows based on Figures 1
through 4.

[0337] As shown in Figure 1, this liquid crystal dis-
play device comprises a glass substrate 21, a support-
ing member 22 in the form of division walls provided on
the substrate 21, an about 1.2 pm-thick resin film 23
supported by the member 22 and a liquid crystal layer
24 having liquid crystal sandwiched between the glass
substrate 21 and the resin film 23. On the substrate 21,
there are TFTs 25, pixel electrodes 26 made of an
indium-tin oxide (ITO) transparent conductive film and
an alignment film 27. On the resin film 23, there are a
counter electrode 28 made of an ITO transparent con-
ductive film having a sheet resistance of 50 to 100 Q/O0
and a color mosaic filter 29 composed of fine filters of
red, green and blue. The liquid crystal display device
further comprises a pair of polarizers 30, 30 arranged
outside the glass substrate 21 and the color mosaic fil-
ter 29.

[0338] The supporting member 22 and the resin
film 23 are formed by curing a photo-polymeric mono-
mer or an oligomer as photosensitive prepolymer by
ultraviolet radiation. The resin film 23 is composed of a
protection resin film 23a and an inner-side resin film 23b
formed by individual ultraviolet radiation. The ultraviolet
radiation used to form the inner-side resin film 23b is
polarized in a predetermined direction so as to provide
a TN liquid crystal display device having liquid crystal
molecules 90° twisted between the glass substrate 21
and the resin film 23.

[0339] This liquid crystal display device will be fabri-
cated as follows.
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(1) As shown in Figure 2 (a), the TFTs 25 and the
pixel electrodes 26 are formed on the glass sub-
strate 21.

(2) As shown in Figure 2 (b), a polyimide resin for
an alignment film is applied as thick as 100 nm or
so by using a spinner and heated to harden for
about 20 minutes at 250°C. Then, the resin is
rubbed in the predetermined direction to provide
the alignment film 27.

(3) As shown in Figure 2 (c), a liquid crystal-prepol-
ymer mixture solution 31 is applied as thick as 6 u
m or so over the entire surface of the alignment film
27 by using a spinner. The mixture solution 31 is a
mixture of a photo-polymeric monomer or an oli-
gomer as photosensitive prepolymer, a polymeriza-
tion initiator or a sensitizer to improve their reactivity
and nematic liquid crystal. To be more specific, the
mixture solution 31 can be composed of:

(a) multi-functional polyester acrylate (pro-
duced by Dainippon Ink and Chemicals, Inc.):
20%,

(b) IRGACURE 651 (produced by Chiba-
Geigy): 2% (benzoyl system 2,2-dimethoxy-
1,2-diphenylethane- 1-one), and
(c) tolane system nematic
(KT450:Dainippon  Ink and
Inc.):78%.

liquid crystal
Chemicals,

This is not the only possible materials or mix-
ture ratio of the mixture solution 31. For example,
the mixture ratio of the multi-functional polyester
acrylate can be set in accordance with the thick-
ness of the resin film 23. Although the liquid crystal
may not be dispersed in the mixture solution
depending on the mixture ratio, there is no problem
as long as the mixture solution is homogeneous.

The liquid crystal-prepolymer mixture solution

31 can have visible and ultraviolet spectral absorp-
tion characteristics (absorption curves) shown in
the graph of Figure 4. The graph indicates that the
mixture solution 31 has an absorption band region
where the absorbance is extremely high against
light having a wavelength of about 300 nm or below.
In the graph, the solid and broken lines indicate
absorption curves before and after polymerization,
respectively.
(4) As shown in Figure 2 (d), the entire surface of
the liquid crystal-prepolymer mixture solution 31 is
irradiated with first light having a wavelength of 254
nm and an intensity of 0.5 mW/cm? at around 300
mJd/cm?, thereby curing the polyester acrylate con-
tained in the mixture solution 31 only by about 50%
in and around the surface of the mixture solution
31, so as to form the protection resin film 23a of
about 0.5 p m thick.

The wavelength (254 nm) of the first light is in
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the absorption band region (shorter than the long-
est wavelength in the absorption band region) in the
absorption curves of multi-functional polyester acr-
ylate system material. The first light hardly passes
through the liquid crystal-prepolymer mixture solu-
tion 31 and is absorbed in and around its surface.
Since the first light has very low intensity (in the rec-
iprocity law failure condition), the polyester acrylate
contained in the mixture solution 31 is dissociated
therefrom to extract and cure so as to provide the
protection resin film 23a.

(5) As shown in Figure 3 (e), a photo mask 51 hav-
ing 5 u m-lattice gaps 51a in the positions corre-
sponding to the supporting member 22 is aligned
with the liquid crystal-prepolymer mixture solution
31 and pressed thereonto. Under the condition that
the mixture solution 31 is made to have a uniform
thickness, second light having a wavelength of 365
nm and sufficiently high intensity (in the reciprocity
law condition) is irradiated to form the supporting
member 22 in the positions corresponding to the
gaps 51a of the photo mask 51.

The wavelength (365 nm) of the second light is
in the region of longer wavelength than the absorp-
tion band peak wavelength (335 nm) in the absorp-
tion curves of the polymerization initiator (2,2-
dimethoxy-1,2-diphenylethane-1-one). The second
light is likely to pass through the liquid crystal-pre-
polymer mixture solution 31, so that the polyester
acrylate contained in the mixture solution 31 is
cured in its thickness direction or between the align-
ment film 27 and the protection resin film 23a so as
to form the supporting member 22 in the form of
division walls. The polymerization is done in a rela-
tively short time because the second light has high
intensity. Although such short time polymerization
causes the liquid crystal contained in the liquid
crystal-prepolymer mixture solution 31 to be dis-
persedly held in the supporting member 22, it does
not affect the display operations of the liquid crystal
display device in particular.

The photo mask 51 with the lattice gaps 51a

could be replaced, for example, by a photo mask
with several tens 1 m-square openings to provide a
columnar supporting member.
(6) As shown in Figure 3 (f), the entire surface of the
liquid crystal-prepolymer mixture solution 31 is irra-
diated with third light having a wavelength of 313
nm and intensity of 0.5 mW/cm? at 1000 mJ/cm?
through the polarizer 52 so as to form the inner-side
resin film 23b of about 0.7 p m thick onto the protec-
tion resin film 23a on the glass substrate 21 side. In
addition, the liquid crystal layer 24 is made from the
liquid crystal remaining in the liquid crystal-prepoly-
mer mixture solution 31.

The wavelength (313 nm) of the third light lies
between the absorption band peak wavelength in
the absorption curves of the polymerization initiator
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and the longest wavelength in the absorption band
region in the absorption curves of the above-men-
tioned polyester acrylate system photo-polymeric
material. The third light is absorbed in and around
the surface of the liquid crystal-prepolymer mixture
solution 31 because it does not pass through the
mixture solution 31 (non-hardened polyester acr-
ylate) very well, although it passes through the pro-
tection resin film 23a (cured polyester acrylate)
relatively well. Furthermore, the third light having
very low intensity like the first light (in the reciprocity
law failure condition) causes the polyester acrylate
contained in the liquid crystal-prepolymer mixture
solution 31 to be dissociated and extracted around
the bottom surface of the protection resin film 23a
and to be cured, thereby to provide the inner-side
resin film 23b. The thorough extraction of the poly-
ester acrylate contained in the liquid crystal-prepol-
ymer mixture solution 31 allows the liquid crystal
layer 24 to have liquid crystal of relatively high
purity sandwiched between the alignment film 27
and the inner-side resin film 23b.

The above-mentioned irradiation is done
through the polarizer 52, so that the polyester acr-
ylate is polymerized with directional molecules,
thereby providing the inner-side resin film 23b with
a feature as an alignment film for aligning the liquid
crystal molecules in the vicinity of its surface in the
polarizing direction of the polarizer 52. As a result,
by setting the polarizing direction of the polarizer
52, for example, 90° apart from the rubbing direc-
tion of the alignment film 27, a TN liquid crystal cell
structure is formed between the alignment film 27
and the resin film 23 in which the alignment direc-
tion of the liquid crystal molecules is twisted by 90°.

When the prepolymer to be used has higher
transmittance against light having a predetermined
wavelength after having been cured, the inner-side
resin film 23b can be formed effectively. Even when
the transmittance of the material to be used hardly
improves after polymerization, the inner-side resin
film 23b could be formed in the same manner by
using light having a wavelength which passes
through the protection resin film 23a to a degree as
the third light.

(7) As shown in Figure 3 (g), an ITO transparent
conductive film (sheet resistance: 50 to 100 Q/00) is
deposited onto the resin film 23 to provide the coun-
ter electrode 28. Then, the color mosaic filter 29 of
red, green and blue is formed onto the counter elec-
trode 28 by a well-known method. Alternatively, the
color mosaic filter 29 and the counter electrode 28
could be arranged in reverse order.

(8) Under these conditions, the polarizers 30, 30
are arranged outside the glass substrate 21 and the
color mosaic filter 29 to provide the liquid crystal
display device shown in Figure 1.
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[0340] The inner-side resin film 23b is dispensabile;
however, the provision of this film facilitates the extrac-
tion of the polyester acrylate remaining in the liquid
crystal-prepolymer mixture solution 31 so as to increase
the purity of the liquid crystal contained in the liquid
crystal layer 24.

[0341] The resin film could be formed after the sup-
porting member 22 is formed; however, in general, form-
ing the resin film first makes it easier to prevent the
asperities of the film. When the processes (4) and (5)
ar